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CHAPTER  I 


THE  SECTIONS  OF  LATHE  BEDS 

All  the  early  lathe  beds  were  made  of  wood.  Engravings  showing 
some  of  these  wooden  beds  may  be  seen  In  old  works  on  turning.  They 
are  to  be  found  now  only  In  some  of  the  lathes  used  by  wood-turners, 
and  In  some  pattern-shops,  although  In  the  latter  case,  lathes  with 
Iron  beds  are  now  almost  exclusively  used.  Fig.  1  shows  a  wooden 
lathe  bed  or  stand.  Different  methods  were  used  for  attaching  the 
bearers  or  shears  to  the  uprights.  At  a  very  early  date  the  wear  of 
the  top  surfaces  of  the  wooden  bearers  was  prevented  by  screwing  thin 
fiat  Iron  plates  onto  them.  Strips  of  wrought  iron  were  also  fitted, 
having  curved  edges  chipped  and  filed  to  shape,  as  shown  in  Fig.  2. 
There  was  not  a  great  deal  of  durability  in  these  shears,  but  the  chief 
objection  to  this  construction  was  that  when  the  timber  warped,  as 
it  was  bound  to  do  in  the  course  of  time,  It  pulled  the  iron  strips  with 
it,  and  threw  the  headstock,  tailstock,  and  rest  out  of  alignment 

The  first  all-iron  beds  were  of  triangular  section,  the  form  prob- 
ably originating  with  Henry  Maudslay.  The  bed  was  built  of  two  bars 
of  triangular  section,  secured  in  brackets  bolted  onto  the  legs.  There 
was  a  very  good  reason  for  the  adoption  of  this  form  of  bed  in  pref- 
erence to  any  other.  There  were  no  planing  machines  at  that  period — 
in  the  latter  part  of  the^ei^hteenth/ce^turyTr^^liat  it  was  an  impor- 
tant consideration  to  be-  able,  tor  teduc$  the  :c£|pping  and  filing  to  a 
minimum  on  a  single  bar.  9es4de$*.if  the,  two  upper  faces  were  true, 
it  made  no  difference  whether  tHei  bottom:  ene  was  true  or  not,  because 
there  was  clearance  between  it  ajid.the  tailstock  and  rest 

Lathe  beds  with  a  single:  $heif  oY.tfla&jgular  section  have  often 
been  built,  although  they  are'  seldom  seen'  rfow,  except  in  the  lathes 
used  by  watch-  and  clock-makers.  These  beds  are  sufficiently  rigid  for 
light  duty,  and  chips  do  not  lodge  on  them.  The  triangular-section 
lathe  bed  also  possesses  the  virtue  of  Insuring  self-alignment  of  the 
tailstock  and  rest,  which  bear  on  the  upper  edges  only.  The  essentials 
of  the  triangular  bar  section  have  been  revived  and  perpetuated  in  the 
Pittler  bed — referred  to  later — but  in  a  modified  and  stronger,  stiffer, 
and  steadier  form.  The  Pittler  bed  consists  of  a  bar  of  trapezoidal 
section.  The  bar  is  hollow,  and  the  lead-screw,  passing  through  the 
hollow  section,  is  thus  protected.  In  some  watchmakers'  lathes,  the 
essential  features  of  the  triangular  bed  are  retained,  but  the  lower  side 
is  of  convex  form.  Some  lathe  beds  are  of  cylindrical  cross-section, 
either  solid  or  hollow.  All  these  types  are  simply  variations  of  the 
single  bar  type,  and  are  illustrated  later  in  this  treatise.  Mention  may 
also  be  made  of  square  and  rectangular  beds,  the  latter  being  employed 
in  a  few  of  the  peculiar  French  lathes  used  for  screw  threading. 
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Early  Development  of  Lathe  Beds 

Since  a  single  triangular  bed  was  not  stiff  enough  to  resist  the 
torsional  stresses  of  heavy  cuts,  which  produce  vibration  and  cause 
the  bed  to  spring,  an  early  development  was  that  of  using  two  deep 
parallel  bars  or  beam  sections,  cast  separately  and  bolted  together.  In 
the  next  stage  the  two  bars  were  cast  in  one  piece  with  connecting 
ribs.  It  was  still,  however,  necessary  to  reduce  the  labor  of  chipping 
and  filing  to  the  least  amount  consistent  with  the  practical  require- 
ments of  the  time;  hence  the  form  shown  in  Fig.  6,  in  which  the  top 
vees  of  the  triangular  bars  were  still  retained,  represented  standard 
practice,  with  or  without  the  internal  stiffening  ribs  which  were  cast 
to  increase  the  rigidity  in  the  lateral  direction.  Then  modifications 
of  the  design  in  Fig.  6  were  introduced  as  shown  in  fig.  7,  where  one 
vee  Is  dispensed  with,  but  the  other  retained  for  guidance.     In  Fig. 


Fif .  6.    Early  Typo  of  Latho  Bod       El*.  7.    Am  Early  Lata*  Bad  with  a 
with  Doable  Too  Too  and  a  flat  Way 

8,  the  width  of  the  flat  bearing  surface  Is  increased.  This  type  of  bed 
also  made  It  easier  than  with  two  vees  to  fit  the  parts  to  a  nicety. 
This  construction  is,  for  the  same  reason,  employed  instead  of  two  vees 
in  many  lathes  and  grinding  machines  to-day.  At  last  both  bearing 
faces  were  made  flat  as  shown  in  Fig.  9,  and  the  longitudinal  means 
for  guidance  offered  by  the  vees  was,  therefore,  abandoned.  The  lateral 
play  was  then  prevented  by  making  tenons  on  the  heads  fit  between 
the  edges  of  projecting  internal  ribs,  as  shown  in  Fig.  9.  All  finished 
surfaces  were  still  kept  narrow,  however,  until,  after  the  invention  of 
the  planer,  they  developed  into  the  present  forms. 

As  the  slide-rest  developed,  the  battle  of  the  vees  and  flats  became 
intensified.  The  older  upstanding  vees  are  still  retained — with  modi- 
fications— as  the  only  guiding  elements  in  standard  American  practice. 
At  a  comparatively  recent  date  slight  modifications  have  been  made 
in  some  forms,  in  which  a  flat  is  combined  with  the  vees;  but  the 
principal  difference  which  exists  even  now  is  that  of  using  either  two 
or  four  distinct  vee-ways.    In  the  latter  design,  Fig.  3,  the  two  inner 
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vees  guide  the  eliding  tails  tock,  and  the  two  outer  ones,  the  carriage 
or  saddle  of  the  slide-rest.  The  Inner  vees  are  frequently  sunk  below 
the  level  of  the  outer  ones  to  Increase  the  swing  of  the  lathe,  and  to 
enable  a  greater  thickness  of  metal  to  be  put  Into  the  carriage.  Both 
vees  are  truncated  or  flattened  more  or  less  on  the  top.    The  type  nav- 


-7 


Kt.  I.     . 

Oh  V 

Ing  two  vees  only,  serving  both  for  the  carriage  and  the  tallstock.  Is 
now  chiefly  used  for  the  smaller  classes  of  lathes.  In  England,  the 
vee-beds  have  been  long  since  abandoned,  except  In  a  very  few  cases 
where  an  Anglo-American  design  is  aimed  at. 


Pit.  10.     Eulr  Trx  of  tho  liokard  Xs»rti  Latha  S*d  with  Front  SElu 

Some  of  the  early  lathes  with  vees  anticipated  the  modern  forms 
of  front-slide  lathes.  Pigs.  4  and  10  illustrate  beds  of  this  type,  as 
constructed  by  Richard  Roberts,  of  Manchester,  from  about  1817  to 
1820.  They  were  probably  the  first  of  that  type,  and  they  do  not  differ 
essentially  from  modern  lathee  of  a  similar  kind.    In  these  illustrations 
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two  variations  are  shown.  In  one,  dependence  is  placed  on  the  guid- 
ance of  one  vee  only,  and  the  lower  edge  of  the  front  slide  bears  against 
a  plain  face.  In  the  other,  a  bottom  vee  is  included,  with  a  setting-up 
strip.  Note  in  Fig.  4  that  the  centers  of  the  heads  are  brought  forward 
in  front  of  the  bed  center.  The  remainder  of  the  design  is  in  harmony 
with  the  practice  of  that  period. 

Fig.  11  illustrates  the  section  of  the  bed  of  a  large  lathe  which  also 


Tig.  11.    Early  Type  of  Bed  for  Hoary  Lathei 

was  designed  to  perform  the  function  of  a  boring  mill;  it  was  built  by 
a  Dundee  firm  before  1847.  In  this  case  the  bed  is  very  shallow,  and 
its  ways  flat,  with  internal  inverted  vees.  The  plate  A  represents  both 
the  base  of  the  tailstock  and  the  carriage  of  the  slide-rest.  Hook-bolts 
embracing  the  vees  and  passing  up  through  the  plate,  were  used  for 


Pif.  IS.    Type  of  Eafllah  Latae  Bod,  Standard  for  a  Lome  Feriod;  Load- 
■orow  and  Food-rod  in  Unaatiaf aotory  Foaitiona 

damping.  In  this  machine,  as  in  some  others  of  that  period,  no  power 
feed  was  available  to  the  carriage,  but  only  a  hand  traverse  of  the 
tool-holder.  The  carriage  was  adjusted  by  hand  through  a  pinion  and 
rack.  In  this  lathe,  the  movements  of  the  carriages  of  fifty  years 
earlier  were  thus  retained. 

In  the  usual  type  of  English  lathe  bed,  Fig.  12,  the  vees  are  aban- 
doned for  ways  having  broader  surfaces,  and  their  place  as  guides  is 
taken  by  the  edges  of  the  ways.  The  inner  edges  take  care  of  the 
alignment  of  the  headstock  and  tailstock,  and  the  outer  ones  take  care 
of  the  slide-rest  or  carriage.    The  outer  guides  may  either  both  be  in 
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the  form  of  vees,  as  in  Figs.  G  and  12,  or  one  may  be  square  and  one 
vee-eliaped,  as  in  Pig.  13.  In  some  cases  both  edges  may  be  square. 
These  types  nave  long  been  standardized,  but  there  are  many  varia- 
tion*. It  is  from  this  starting  point  that  we  propose  to  consider  the 
forms  of  lathe  beds  as  they  are  designed  to-day. 

Flat  vs.  V-Bhapad  Lath*  Shears 
The  transition  from  the  upstanding  vees  to  the  flat  ways  has  been 
a  gradual  one.  The  adoption  of  one  flat  with  one  vee,  which  dates  a 
century  back,  has  gone  through  various  phases  of  development,  besides 
those  shown  In  previous  Illustrations.  In  America,  an  old  type  of  bed 
by  the  Brown  ft  Sharps  Mfg.  Co.  (who  do  not  now  make  ordinary  turn- 
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ing  or  "engine"  lathes)  was  substituted  for  the  beds  with  four  vees. 
In  this  case  the  vee  was  employed  for  guidance,  in  conjunction  with 
a  suspended  weight  The  carriage  was  also  glbbed  on  the  square  edge, 
which  was  situated  at  the  back  of  the  lathe.  The  Pratt  ft  Whitney 
Co.'a  tool-room  lathe  has  a  bed  of  the  vee  and  flat  type,  as  shown  In 
Fig.  14.  This  design  Is  also  Interesting  because  of  the  use  made  of  a 
colled  spring  In  place  of  the  suspended  weight,  which,  through  Its 
Inertia,  le  liable  to  cause  vibration. 

The  battle  between  the  vees  and  flats  has  given  occasion  to  much 
fruitless  controversy,  since  both  types  are  retained  tenaciously.  There 
Is  much  to  be  said  in  favor  of  the  guiding  qualities  or  an  upstanding 
vee,  and  much  also  for  the  greater  durability  of  a  broad  flat  surface, 
and  of  the  solidity  of  the  carriage  employed  in  conjunction  with  the 
latter.  That  these  differences  were  recognised  at  an  early  period  is 
evidenced  by  the  frequent  combination  of  a  vee  with  a  fiat,  and  also 
by  the  use  of  two  sets  of  vees,  the  outer  set  being  reserved  for  the 
slide-rest  or  carriage.    This  not  only  divides  the  wear  due  to  the  move- 
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meats  of  the  tallstock  and  the  carriage  between  two  seta  of  vees,  but 
also  affords  a  broader  base  for  the  carriage,  with  corresponding  gain  In 
Its  stability.  The  self-aligning  property  of  the  vees  Is  too  obvious  to 
require  demonstration.  In  the  flat  beds  self-alignment  Is  absent  If 
the  tenons  of  the  tallstock  wear,  a  loose  lit  results.  In  many  lathes, 
however,  provision  Is  incorporated  for  clamping  the  tongue  of  the  tall- 
stock  against  the  edge  of  one  way  only,  thus  not  attempting  to  make 
a  lit  against  the  other.    As  a  rate,  the  Deadstocks  are  then  not  fitted  at 
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all,  bnt  are  adjusted  by  means  of  screws  passing  through  the  tenons. 
Though  the  wear  on  the  vee-ways  Is  uniform,  they  lack  the  advan- 
tage which  the  flat  ways  with  vee-edges  possess,  namely,  that  of  pre- 
venting the  saddle  of  the  slide-rest  from  being  lifted  during  cutting. 
Hence  all  the  early  beda  were  commonly  united  only  at  the  ends,  leav- 
ing the  entire  length  clear  for  a  holding-down  device,  frequently  con- 
sisting of  a  center-weight  suspended  from  the  carriage,  and  traveling 
with  It,  as  shown  In  Fig.  15.     When  Increased  duty  was  demanded. 
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and  the  beds  were  tied  together  with  cross-ribs,  the  suspended  weight 
could  not  be  used.  Then  clamping  or  gib-plates  were  Introduced  under- 
neath the  edges  of  the  bed,  as  In  those  English  designs  which  have 
square  edges.  Sometimes  the  gib  or  gibs  are  fitted  underneath  the 
internal  edges.  An  example  ol  this,  taken  from  an  Italian  lathe,  is 
shown  In  Fig.  1$,  where  one  gib  strip  Is  located  on  the  outer  lip  of  the 
back  shear,  and  another  on  the  Inner  lip  of  the  front  shear,  this 
arrangement  being  adopted  because  the  construction  of  the  carriage 
does  not  provide  room  for  a  strip  at  the  front  edge.  Qlbs  bearing 
against  both  the  Inner  and  outer  lips  are  uleo  employed. 

The  points  In  favor  of  vee-eheare  may  be  summarized  as  follows: 
The  wear  la  uniform,  and  loose  fits  cannot  develop  as  In  flat  ways  with 
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square  edges;  the  chipa  fall  off  freely;  the  rapidity  of  the  wear  can  be 
largely  minimised  by  Increasing  the  length  of  the  carriage:  and  the 
clamping  of  the  heads  on  the  vees  helps  to  tie  the  sides  of  the  bed 
together  and  stiffen  them.  The  risk  of  damage  to  the  edges  of  the  vees, 
which  might  be  mentioned  as  an  objection  to  vee-shears,  can  be  lessened 
by  rounding  them.  The  arguments  In  favor  of  fiat  ways  and  against 
vees  are  briefly:  Wear  Is  so  long  delayed  that  little  account  need  be 
taken  of  It;  its  effects  can  be  counteracted  by  fitting  the  tenons  of  the 
tallstock  to  the  edge  of  one  shear,  and  as  regards  the  saddle  by  the 
setting-up  of  the  gibe;  the  elevation  of  the  vees  permits  of  less  swing 
than  do  the  flat  ways. 


Location  of  Lead-screw  and  Feed-rod 


are  the  problems 
a  Interesting  fact 
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that  the  old  eighteenth- century  lathe  of  Maudalay's  has  the  lead-screw 
enclosed  within  the  shears  of  the  bed,  thus  anticipating  the  Whltworth 
design  of  nearly  half  a  century  later.  The  Whltworth  bed,  with  the 
location  of  the  lead-screw,  is  shown  In  Fig.  17.  In  this  the  divided 
clasp-nut  Is  retained,  operated  by  cam  plate  and  levers  through  polling 
or  pushing  a  rod  which  passes  to  the  front  of  the  saddle.    The  support- 
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lng  bearings  for  part  of  the  circumference  of  the  lead-screw  should 
be  noted.  The  position  of  the  rack  Is  not  always  as  shown;  frequently 
It  Is  placed  at  the  front  of  the  bed.  Fig.  18  shows  a  special  Whltworth 
bed  having  the  lead-screw  placed  exactly  in  the  center,  supported  around 
nearly  half  Its  circumference  by  bearings  located  at  Intervals. 


butt  br  W.  a.  anutnas, 


Several  firms  manufacture  lathes  with  lead-screws  protected  In 
various  ways.  In  standard  English  practice  the  lead-screw  has  long 
been  placed  outside  at  the  front,  and  the  feed-rod  or  "back-shaft"  out- 
side at  the  back.  (See  Fig.  12.)  As  a  result  of  the  influence  of  Ameri- 
can practice  many  lathes  are  now  built  with  lead-screw  and  feed-rod 
both  In  front  and  close  together,  and  both  with  the  rack  traverse 
operated  by  gears  enclosed  in  an  apron.    This  Is  In  harmony  with  the 
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Idea  of  obtaining  the  motion  required  for  screw  cutting  and  feed  from 
a  gear  box  on  the  bed  in  front  of  the  headstock;  it  also  permits  a  more 
compact  arrangement  of  the  carriage.  It  may  be  stated  as  a  general 
rule  that  the  best  English  makers  now  place  the  feed-rod  in  front  in 
preference  to  placing  it  at  the  back,  and  there  seems  to  be  no  doubt  but 
that  in  a  short  time  the  old  "back-shaft"  will  disappear. 

Development  of  the  Sellers  Lathe  Bed 

The  section  of  a  bed  used  in  lathes  built  by  Messrs.  William  Sellers 
&  Co.,  Inc.,  as  shown  in  Fig.  19,  illustrates  the  transitional  form  which 
under  different  modifications  appears  in  many  lathe  beds  of  the  present 
day.  The  vee-sections  at  the  sides  in  the  illustration  represent  the 
earlier,  and  the  central  portion,  the  later  type.    The  earlier  design  is 
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Fi*.  18.    A  WUtwort*  Lathe  Bed  with  a  Central  Lead-ecrew  and  Web 

similar  to  the  standard  English  bed,  in  so  far  as  the  fitting  of  the 
sliding  parts  to  flat  ways  and  vee-edges  at  front  and  back  is  concerned; 
but  the  lead-screw  is  protected  under  the  front  shear  in  a  recess  pro- 
vided specially  for  it  An  inverted  vee  underneath  the  back  shear  is 
used  to  clamp  the  tenon  of  the  tailstock  against  the  vertical  edge  of 
the  back  shear,  instead  of  trying  to  make  its  tenon  fit  between  both 
shears  permanently,  which  is  not  practicable.  Messrs.  Sellers  k  Co. 
adopted  this  method  in  order  to  retain  the  same  advantage  of  align- 
ment (notwithstanding  wear  of  the  tenon  or  tongue  of  the  tailstock) 
as  is  secured  by  the  use  of  vee-ways,  thereby  taking  advantage  of  the 
durability  of  the  flat  ways  without  suffering  from  the  disadvantage  due 
to  the  wear  of  the  tenons. 

The  experience  with  the  beds  having  vee-edges  at  front  and  back, 
as  shown  at  the  sides  in  Fig.  19  demonstrated  that  almost  the  only 
wear  which  occurred  took  place  on  the  top  faces,  and  not  on  the 
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beveled  edges;  hence  the  abandonment  of  toe  vees  In  favor  of  square 
edges  which  maintain  the  traverse  of  the  carriage  parallel  with  the 
axis  of  the  live  and  talletock  spindles,  while  the  Inverted  Tee  main- 
tains the  tallstock  spindle  In  alignment  with  the  live  spindle.    The 
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later  type,  therefore,  provides  for  the  permanent  retention  of  the 
accuracy  Imparted  to  the  lathe  when  new,  and  also  provides  for  the 
protection  of  the  lead-screw.    The  advantages  of  this  design  have  been 


recognised,  and  it  has  been  imitated  in  numerous  later  lathee. 

The  protection  afforded  to  the  lead-screw  Is  so  Important  a  matter 
that  many  devices  for  this  purpose  have  been  adopted  since  the  time 
when  Whltworth  placed  It  within.  Instead  of  outside,  the  shears.    The 
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Sellers'  design  embodies  s  decided  Improvement,  for  in  It  the  lead-screw 
Is  supported  along  Its  entire  length  by  the  recess  which  is  provided  lor 
It,  and,  therefore,  it  cannot  be  deflected.  Bat  the  half-nut  Is  single, 
and  only  extends  around  a  rather  small  arc  of  the  circle.  These 
Sellers'  beds  also  were  among;  the  flrst  American  designs  which  em- 
bodied the  use  of  cross-ribs. 

Two  examples  of  the  employment  of  the  Inverted  vee  are  seen  in 
Figs,  20  and  22,  the  flrst  showing  the  arrangement  of  the  clamping 
plate  In  relation  to  the  tailstock  tongue,  and  the  second  a  somewhat 
similar  construction  on  a  German  chucking  lathe.  The  base  of  the 
turret  In  this  latter  case  Is  always  pulled  over  toward  the  Inner  edge 


Strength  of  Lathe  Beds 

Another  development  Is  that  of  the  stiffening  and  strengthening 
of  lathe  beds.  All  the  old  types  were  mere  skeletons,  although  some 
of  them  were  stiffened  laterally  aa  shown,  with  ribs  placed  Internally 
or  externally.  Gradually,  the  thickness  of  the  metal  was  Increased, 
and  the  ways  widened;  fillets  were  cast  along  the  bottom  edges  In  addi- 
tion to  the  cross-ribs.  Many  of  the  American  beds  were  of  a  highly 
molded  section,  as  shown  In  Fig.  3,  with  the  object  of  imparting  stiff- 
new  chiefly  in  the  lateral  direction,  and  so  help  to  compensate  for  the 
absence  of  cross-ribs. 

Lathe  beds  must  always  be  made  much  stronger  than  they  would 
have  to  be  In  order  to  merely  prevent  fracture.  The  stresses  to  be 
resisted  are  In  the  flrst  place  flexure;  but  It  is  fully  aa  Important  that 
the  design  be  stiff  enough  and  heavy  enough  to  resist  the  tendency  to 
torsion  and  to  vibration — to  chattering.  The  massing  of  the  metal  may 
solve  the  problem,  but  It  must  be  done  Judiciously.     Flexure  may  be 
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met  by  Increasing  the  depth,  because  the  strength  increases  as  the 
square  of  the  depth.  Torsion  is  more  difficult  to  prevent,  while  resist- 
ance to  vibration  demands  a  mass  of  metal  obtained  only  by  consider- 
ably increasing  the  dimensions  which  are  required  to  prevent  flexure 
and  torsion.  Experiments  have  been  undertaken  at  various  times  from 
which  certain  broad  deductions  have  been  made;  but  lathe  beds  are, 
notwithstanding,  mainly  evolved  from  previous  practical  experience. 
Although  the  general  movement  has  been  going  on  for  a  century,  this 
evolution  has  been  especially  noteworthy  since  the  advent  of  high- 
speed steeL 

The  flexure  of  a  lathe  bed  is  more  than  allowed  for  by  the  propor- 
tions given  to  it  for  general  strength.  A  very  light  bed  might  possibly 
be  bent  by  the  placing  of  a  very  heavy  piece  of  work  between  the 
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centers,  or  by  the  stress  of  heavy  cutting  near  the  center  of  the  bed. 
In  some  American  beds  the  standards  or  legs  have  been  set  a  certain 
distance  inward  from  the  ends  in  order  to  shorten  the  length  of  the 
unsupported  portion.  Sometimes  the  beds  are  cambered  or  fish-bellied ; 
long  beds  have  legs  in  addition  to  those  at  the  ends;  or  in  heavy  lathes, 
the  bed  is  continuous  and  rests  on  foundations  located  at  intervals. 
An  unsupported  length  which  will  not  bend,  provided  the  bed  is  of  box 
section,  is  given  by  Mr.  Richards  as  one  which  is  not  more  than 
twelve  times  its  depth. 

An  interesting  example  of  the  gradual  increase  in  bed  dimensions 
for  one  size  of  lathe  is  shown  in  fig.  23.  This  engraving  illustrates 
the  evolution  of  the  lathe  bed  of  Messrs.  John  Lang  &  Sons,  of  John- 
stone, Scotland.  The  ordinary  English  type  is  seen  in  dotted  outline; 
this  type  was  employed  by  the  firm  previous  to  1900.  The  thin  full 
lines  show  the  first  narrow  guide  type  of  bed  of  1900,  and  the  thick 
full  lines  the  present  type. 
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Torsion  can  be  best  avoided,  as  far  as  the  shape  of  the  bed  is  con- 
cerned, by  making  it  of  a  box  section.  Comparatively  few  lathe  beds 
are,  however,  constructed  in  that  manner,  the  general  design  being 
that  of  two  shears  connected  by  cross-bars  or  ribs,  thus  leaving  the  top 
and  bottom  edges  unconnected.  That  this  is  a  poor  design  is  admitted, 
but  it  is  one  which  is  more  easily  molded  than  a  box  shape.  Long 
ago  Prof.  Sweet  had  some  castings  made  for  a  test,  as  indicated  in  Fig. 
24.    These  castings  represent,  respectively,  the  open-frame  and  the  box 
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type  of  beds,  with  the  same  amount  of  metal  in  each.  The  box  casting 
proved  much  stiffer  laterally,  and  thirteen  times  more  rigid  against 
torsion. 


fig.  St.    The  Biohaxds  Box  Bed 

Several  firms  now  construct  beds  which  are  wholly  or  partially 
boxed.  It  is,  of  course,  necessary  to  leave  some  provision  in  the  form 
of  openings  for  the  escape  of  chips  and  oil.  Messrs.  George  Richards 
&  Co.,  Ltd.,  of  Manchester,  England,  though  they  have  now  given  up 
the  manufacture  of  ordinary  lathes,  were  in  the  field  when  this  depart- 
ure was  made.  Their  first  lathe  beds  were  made  as  shown  in  Fig.  25. 
The  beds  were  practically  encased  along  the  top,  and  well  tied  to  the 
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crow-ribs  along  the  bottom  with  broad  flanges.  Holes  cast  in  the  top 
casing  permitted  the  chips  to  fall  through.  The  holes  were  surrounded 
by  a  rib  to  prevent  loss  of  strength  due  to  the  cutting  of  the  holes. 
Otherwise  In  Its  general  design,  the  bed  1b  of  ordinary  English  type, 
with  flat  ways,  vee-edges,  and  a  gap. 

In  Fig.  21  is  shown  a  section  of  the  beds  of  the  lathes  manufactured 
by  Messrs.  Tlios.  Ryder  4-  Son,  of  Bolton,  England.  These  beds  are  of 
solid  box  section.  In  this  design  the  practice  of  bringing  the  lathe 
centers  considerably  behind  the  center  of  the  bed  is  adopted,  in  order  to 
afford  additional  support  to  the  cutting  tool  when  turning  large  diam- 
eters. The  depth  of  the  rear  guide  strip  of  the  bed  is  also  deepened  to 
increase  Its  durability. 

Dr.  Nlcolson  has  stated  that  if  the  same  amount  of  metal  put  Into 


the  ordinary  beds  were  put  Into  the  box-shaped  or  the  circular  form, 
these  types  would  be  from  six  to  ten  times  as  strong  to  resist  twisting. 
This  is  not  so  high  an  estimate  as  that  given  many  years  ago  by  Prof. 
Sweet,  but  it  is  amply  high  enough  to  Justify  that  departure  from  the 
old  practice  which  several  lathe  makers  now  have  adopted.    The  solid 
box  form  is  practicable,  and  easily  manufactured ;  but  the  circular  form 
Is  not,  except  in  light  lathes,  such  as  those  used  by  watch-  and  clock- 
makers,  amateurs,  and  scientific  workers.    For  such  purposes,  several 
examples  of  this  type  are  built    The  circular  bed  must  have  a  longi- 
tudinal guide  or  guides  for  the  hendstock  and  slide-rest  or  carrl" 
and  It  is  here  that  the  difficulty  arises  in  massive  designs.    In  far 
heavy  designs,  the  circular  bed  may  be  dismissed  as  nearly  imp 
He,  or  at  least  undesirable,  in  face  of  the  fact  that  boxed  b** 
(angular  section  can  be  and  are  constructed  better  and  mi 
and  of  equal  s 
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The  circular  bed  is  cheaply  made  for  small  lathes  of,  say,  from  6-  to 
10-inch  swing.  It  is  used  for  these,  not  so  much  because  it  happens  to 
be  the  stiffest  form,  but  because  of  the  advantage  which  it  offers  for 
swivelling  the  rest  to  different  angles,  thus  making  it  a  kind  of  uni- 
versal tool  for  all  kinds  of  cutting.  This  design  is  adopted  in  the  recent 
lathes  of  that  type  built  by  Messrs.  Drummond  Brothers,  Ltd.,  of  Guild- 
ford, England.  The  bed,  of  cast  iron,  3  inches  in  diameter,  is  of  hollow 
form,  ground  on  the  outside  to  a  limit  of  0.0001  inch,  and  on  it  the 
heads  and  saddle  fit  As  seen  in  Fig.  26,  there  is  a  slot  in  the  under 
side  of  the  bed  which  receives  a  tongue  or  bush  secured  to  the  bolt  that 
passes  up  to  transmit  the  motion  from  the  lead-screw.    By  tightening 
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the  nut  on  this  bolt  the  swivelling  portion  A  is  locked.  The  range  of 
swivel  is  indicated  by  the  radiating  center  lines.  Fig.  27  shows  the 
complete  tool-rest,  with  the  upper  part  held  in  the  split  socket  of  the 
saddle,  thus  permitting  of  a  horizontal  swivel  movement  which  enables 
the  tool,  or  the  top  of  the  rest,  to  be  moved  In  a  universal  manner. 

This  lathe,  in  its  swivel  action,  resembles  the  Pittler  lathe,  although 
the  latter  is  designed  in  a  different  way.  In  the  Pittler  lathe,  the  longi- 
tudinal guidance  is  provided  for  by  a  section  of  trapezoidal  shape,  with- 
in which  the  lead-screw  passes.  The  form  of  this  bed  is  plainly  indi- 
cated in  Fig.  28.  The  swivel  motion  is  provided  for  by  making 
the  outside  of  the  sliding  carriage  circular,  and  fitting  the  saddle 
of  the  slide-rest  to  it  In  this  way  the  sliding  movement  is  com- 
bined with  a  circular  movement  through  a  complete  circle.  The  stem 
of  the  tool-rest  can  be  swiveled  in  the  socket  in  the  split  saddle.    The 
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remarkable   resolution   In  lathe  construction — the  application   of   the 
principle  of  the  narrow  snide.    Thin  principle,  although  ao  lately  taken 
up  In  earnest,  la  not  by  an?  means  new.    To  determine  the  period  of 
Its  tint  application  would  seem  Impossible,  bnt  illustrations  showing 
the  Idea  applied  to  lathe  carriages  appeared  some  twenty-flye  Tears 
ago.    The  three  illustrations  Figs.  30.  31  and  31,  are  takes  from  Joshua 
Rose's  "Modern  Machine  Shop  Practice,''  and  show  how  the  prindplr 
was  applied  many  rears  ago.    All  three  of  these  illustration  b  are  re 
sented  In  recent  practice,  and  It  is  noteworthy  how  the  const* 
has  been  brought  Into  prominence  chiefly  by  the  development 
speed  lathes.    Messrs.  John  Lang  ft  Sons,  when  they  re-das 
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on  the  front  shear,  or  by  an  underhanging  strip,  without  affecting  the 
principle  Sometimes  the  strip  is  raised  above  the  general  level  of  the 
bed  surfaces,  and  sometimes  it  is  formed  by  tnaiHng  a  recess  or  channel 
in  the  front  shear,  although  this  is  open  to  the  objection  that  such  a 
recess  easily  collects  and  stores  the  chips.  The  upstanding  ledge,  again, 
is  more  liable  to  become  damaged. 

Pig.  34  illustrates  the  Lang  bed  with  its  saddle    It  is  possible  with 
this  design  to  obtain  a  length  of  guide  of  as  much  as  ten  times  the 
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width  between  the  guiding  surfaces,  which  has  the  effect  of  producing 
a  very  steady  movement,  with  a  much  greater  amount  of  freedom  from 
twisting  than  Is  the  case  when  the  saddle  fits  on  the  ' 
outer  edges  of  the  shears.    The  setting-up  of  the  tai 
can  have  no  possible  tendency  to  spring  the  sides 
as  it  might  possibly  have  in  the  ordinary  type  cJ 

In  conjunction  with  the  narrow  guide,  it 
bring  the  lead-screw  as  close  as  is  practicab 
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the  twisting  tendency  and  friction  caused  by  the  old-style  construction 
is  minimised.  Thus,  the  location  of  the  lead-screw  in  Fig.  12  is  just 
where  it  ought  not  to  be  with  relation  to  the  saddle  slides,  and  this 
example  of  what  was  at  one  time  standard  English  practice  contrasts 


Tig.  S4.    The  John  Lias  *  Sou,  Johwitone,  Scotland,  Type  of  Latho  Bod 


Fl*.  S6.    The  Lodge  ft  Shipley  Xachlae  Tool  Oo.'i  Lathe  Bod  with 

Supplementary  Bearing  Burfaoe 

unfavorably  with  the  location  of  the  lead-screw  in  Fig.  33  and  some 
of  the  succeeding  illustrations,  where  the  force  is  applied  at  the  correct 
place — near  to  the  guide-ways.  Experience  shows  that  the  narrow 
guide  gives  more  accurate  results  than  the  usual  design,  and  that  the 
alignment  of  the  saddle  movement  is  preserved  for  a  longer  period. 
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American  Designs  Bmbodying  the  Narrow  Guide  Principle 

Another  important  advantage,  apart  from  the  narrow  guide  itself, 
is  that  part  of  the  pressure  of  the  cat  is  resisted  by  a  vertical  face,  and 
the  forces  tending  to  posh  the  saddle  off  the  bed  are  acting  against  this 
face,  instead  of  against  the  back  edge  of  the  rear  shear.  This  feature 
is  also  embodied  in  two  American  designs,  by  the  R.  K.  LeBlond  Ma- 
chine Tool  Co^  and  the  Lodge  ft  Shipley  Machine  Tool  Co.,  both  of  Cin- 
cinnati, Ohio.  In  the  former  company's  design  a  nearly  vertical  face 
is  employed  on  the  front  shear,  and  in  the  fetter's  design  the  vertical 
inner  edge  of  the  front  shear  comes  in  contact  with  the  carriage.  The 
LeBlond  lathe,  Fig.  33,  is  not  provided  with  a  rear  vee,  the  carriage 
sliding  on  a  flat  on  the  back  shear,  bat  in  the  Lodge  ft  Shipley  lathe, 
Fig.  35,  the  carriage  fits  on  the  usual  rear  vee,  and  in  addition  has 
a  horizontal  bearing  on  the  surface  adjacent  to  the  front  vee,  so  that 
the  solid  metal  of  the  carriage  is  well  supported. 


Machinery 


Wig,  tfl.    Belgian  Deain  of  Lathe  Bed  with  Sailed  Harrow  Gnide  at  need 
by  Le  Progres  Industrial  Sooiete  Anonyme,  Loth  soar  Brussels 

The  firm  of  Le  Progres  Industriel,  Societe  Anonyme,  of  Loth,  near 
Brussels,  who  has  been  engaged  in  lathe  manufacture  for  many  years, 
utilizes,  in  its  present  design,  the  narrow  guiding  principle,  in  con- 
junction with  a  single  vee  for  the  guidance  of  the  tailstock.  The  car- 
riage, as  indicated  in  Fig.  36,  does  not  touch  this  rear  upstanding  vee, 
and  there  is  a  clearance  at  the  rear  vertical  edge  of  the  rear  shear. 
The  adjustments  are  made  by  a  wedge  strip  on  the  front  edge  of  the 
front  shear  and  by  the  two  gib  strips  each  underneath  the  lips.  This 
design  is  a  sort  of  compromise  between  American  and  English  designs, 
and  is  used  on  large  and  small  lathes  alike. 
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way.  In  this  design  the  proportion  of  length  to  width  of  the  narrow 
(aide  la  about  4  to  I,  hot,  m  mentioned  previously.  In  some  case* 
wkere  *  strip  w  employed,  the  proportion  may  be  as  high  as  10  to  1. 
Some  Anna  who  retain  the  front  shear  for  guidance,  as  In  the  example 
Just  referred  to,  lengthen  the  wings  of  the  saddle  to  the  right  and 
left  In  order  to  Increase  the  bearing  length.  The  tallstock  elides  be- 
tween these  wings  up  to  the  main  body  of  the  saddle. 

Another  design  of  a  new  20-inch  high-speed  lathe,  made  by  Messrs. 
Smith  ft  Coventry,  Ltd,  of  Manchester,  England,  is  shown  in  Figs.  41 


and  42.  The  two  views  here  given  illustrate  the  method  of  fitting  the 
saddle  and  the  tallstock.  The  front  shear  constitutes  the  narrow  guide, 
with  its  take-up  strip  on  the  front  face.  The  horizontal  bearing  Is 
amply  provided  for  by  three  ways;  on  the  two  at  the  rear  the  tallstock 
slides,  as  shown  by  Fig.  41.  Gib  strips  are  located  under  the  front  and 
rear  edges. 

Messrs.  Ward,  Haggas  *  Smith,  of  Kelghley,  England,  lit  their  lathes 
with  a  narrow  guide  of  the  type  shown  in  Fig.  43.  This  design  Is  of 
the  inverted  type,  the  take-up  strip  drawing  the  saddle  against  the 
inside  sloping  face  of  the  hanging  lip  of  the  front  shear.  These  sur- 
faces are  thus  out  of  the  way  of  the  chips,  and  a  great  proportion  or 
length  to  width  of  bearing  surface  Is  secured.  The  lead-screw  and 
rack  are  brought  very  close  to  the  guiding  area.  Fig.  44  Illustrates 
the  method  of  tightening  the  tallstock  by  a  clamping  plate  which 
presses  against  a  eloping  face  on  the  inside  of  the  rear  way,  thus  draw- 
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ing  the  tallstock  against  the  back  vertical  edge  of  the  shear.  As  this 
edge  1b  not  subjected  to  wear  from  the  saddle,  which  clears  it,  the 
alignment  1b  preserved  Indefinitely.  Another  example  of  an  under- 
hanging  lip  employed  as  a  guide  Is  that  of  the  high-speed  lathes  built 
by  Messrs.  George  Swift  &  Sons,  of  Halifax,  England,  as  shown  In  Pig. 
55,  which  shows  the  saddle  without  its  apron. 

In  certain  types  of  lathes  one  shear  is  employed  alone  to  guide 
and  support  the  carriage.  This  design  Is  met  with  In  a  certain  type 
of  boring  and  turning  lathe,  where  two  duplicate  carriages  are  run 
each  on  its  own  way,  and  are  entirely  independent  of  each  other.    A 


tj  Dutix  a  Kite*,  x«i«ki*r,  < 
lower  slldeway  or  tier  takes  the  overhang  of  the  carriages.  In  another 
Instance,  that  of  the  Llbby  turret  lathe,  made  by  the  International 
Machine  Tool  Co.,  Indianapolis,  Ind.,  the  carriage  fits  over  the  front 
shear,  as  shown  In  Fig.  45,  and  a  lower  vee-gulde  opposes  the  tilting 
tendency  of  the  carriage. 

The  principle  of  affording  support  to  the  carriage  at  some  point 
situated  below  the  general  level  of  the  bed  surfaces  is  met  with  in 
several  designs.  One  of  the  most  successful  examples  Is  that  of  Messrs. 
Darling  *  Sellers,  Ltd.,  of  Keighley,  England.  A  bed  section  of  one 
of  their  lathes  is  shown  in  Pig.  48.  The  auxiliary  or  "lower-tier" 
bed  is  made  in  the  form  of  a  strong  Up,  projecting  out  from  the 
front  of  the  bed  near  the  bottom.  The  saddle  has  a  bearing  on  this, 
as  well  as  on  the  top  surfaces  of  the  bed.  Tbe  overhanging  weight 
of  the  saddle  is  thus  supported  In  a  very  satisfactory  manner,  and 
it  will  be  seen  that  the  actual  effective  width  of  the  bed  is  increased 
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ledge,  which  helps  to  resist  the  forces  tending  to  separate  the  gears 
and  rack  sad  pinion,  while  wider  heavy  duty.  With  a  similar  object 
in  new,  some  makers  support  the  ruck-pinion  by  the  metal  of  the 
saddle.  In  order  (see  Fig.  5)  to  prevent  the  springing  awajr  ol  the 
pinion.  Another  device  Is  to  alter  the  position  of  the  rack  and 
pinion  to  a  vertical  location,  and  support  the  pinion  shaft  In  bearings 
on  both  sides  of  the  pinion.  A  design  of  tbis  kind  is  shown  In  Fig. 
50,  showing  the  construction  In  a  lathe  made  by  Messrs.  Joshua  Buck- 
ton  ft  Co.,  Ltd.,  Leeds,  England, 

A  different  kind  of  lower-tier  bed  Is  made  by  Messrs.  Dmmmond 
Brothers,  Ltd.,  of  Guildford,  England.    This  bed  Is  employed  for  their 
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lathes  having  IS-  and  18-inch  swing.  The  gap  is  permanently  open, 
and  the  saddle  is  guided  by  two  lower  tiers  or  slide-rails,  so  that  it 
can  be  brought  along  on  these  past  the  gap  and  close  up  to  the 
largest  faceplate,  with  a  minimum  of  tool  overhang. 

Another  example  of  a  lower-tier  bed  is  that  used  In  a  lathe  built 
by  Schaerer  ft  Co.,  of  Karlsruhe,  Germany,  In  which  the  advantages 
previously  mentioned  regarding  the  support  of  the  carriage  below  the 
top  level  of  the  bed  are  obtained.  There  are  two  lower-tier  vee-ways, 
as  shown  In  Fig.  62,  set  at  different  heights  (by  which  It  Is  claimed 
that  twisting  Is  eliminated),  and  directly  underneath  the  regular  ways, 
so  that  chips  cannot  fall  Into  them.  The  top  of  the  bed  is  arranged 
with  a  vee  and  a  flat  to  carry  the  Deadstock.  The  carriage  has  no 
bearing  on  the  top,  but  only  in  the  vee-ways.  The  position  of  the 
lead-screw  and  rack  should  be  noted. 
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Methods  for  Protecting;  toe  Ways  of  Lathe  Beds  from  Chip 
A  few  inctauces  are  met  with  In  which  lathe  beds  are  modified 
specifically  for  the  purpose  of  protection.  The  bed  Is  either  cast  of 
such  a  form  that  the  slides  come  below  the  top  surface,  as  In  the 
example  just  noted,  or  extra  covering  plates  or  guards  are  fitted  to 
keep  the  chips  away  from  the  bearing  surfaces.  A  bed  made  by  the 
London  Arm  George  Richards,  Ltd.,  Fig.  51,  has  a  top  portion  A.  which 
serves  as  a  cover  over  the  slides,  and  at  the  same  time  guides  the 
saddle  at  the  front,  forming  a  narrow  guide  between  Its  Inner  face 
and  the  outer  front  edge  of  the  main  bed.  The  surfaces  D,  on  which 
the  carriage  slides  are,  therefore,  absolutely  protected  from  chips,  and 


n«-  M.    A  e 

the  lubricant  does  not  become  dirty.    At  the  top  of  the  portion  A 
the  saddle  clears  this  casting. 

Fig.  68  shows  a  German  bed  section  which  has  the  slldewayB  ar- 
ranged a  little  below  the  top  surface.  Steel  covering  plates,  screwed 
on  as  guards,  prevent  chips  from  falling  onto  the  ways.  The  tall- 
stock  slides  on  the  top  part  of  the  bed,  between  the  Inner  edges  of 
the  covering  plates. 

Messrs.  John  Lang  &  Sons  build  a  range  of  surfacing  and  boring 
lathes  (chucking  lathes)  without  tallstocks,  In  which  curved  cast-Iron 
guards,  supported  on  short  studs  at  each  end,  extend  from  the  tail-end 
of  the  bed  up  to  the  chuck,  so  that  chips  cannot  fall  upon  the  flat  ways 
of  the  bed,  but  are  deflected  by  the  guards  and  thrown  off  to  one 
side.  The  section  of  a  bed  with  Its  saddle  cored  to  pass  the  guards, 
Is  shown  In  Fig.  64.  It  will  be  noticed  that  the  saddle  bears  against 
the  vertical  edges  of  the  front  shear  only,  giving  a  narrow  guide-way 
with  a  relation  of  length  to  width  of  about  7  to  1.  The  cross-slide  (not 
shown)  also  fits  on  the  same  principle,  being  glbbed  to  the  two  edges 
of  one  slldeway. 
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I  rather  curious  type  of  bed  Is  shown  In  Fig-  56.  This  type  re- 
EngUsh  bed  at  the  beck  shear,  bat  hss  s  doable  "vertical" 
vee  at  the  front  edge.  This  lathe  Is  made  by  H.  Wohlenberg,  of 
Hanover,  Germany. 

Double- var  Typo  of  Lathe  Bods 
Among  the  lathe  beds  which  are  made  to  but  a  limited  extent  are 
those  of  the  double-way  type,  that  Is,  beds  with  separate  ways  tor 
the  carriage  and  the  tallstock.  They  are  useful  for  work  where  It  Is 
required  to  move  the  carriage  rapidly  oat  of  the  way,  and  bring  the 
tallstock  op  to  the  head  without  having  to  remove  the  carriage  each 
time.  The  Illustration  Fig.  67  shows  an  example  of  this  class,  con- 
structed by  Henry  Milne*,  of  Bradford,  England.  The  tallstock  slides 
on  a  back  shear,  below  the  carriage  ways. 


rif .  M.     TAb  Iu|  *  SW  I*tko  B*i  wttb  Omn  rrt  tfea  W.y. 

A  special  type  of  donble-way  bed.  Fig.  SO,  the  speciality  of  Messrs. 
Dron  &  Lawson,  Ltd.,  of  Glasgow,  Scotland,  comprises  a  flat-topped 
way  carrying  the  tallstock,  the  tongue  of  which  hss  a  tapered  adjust- 
ing strip  to  maintain  the  fit  In  the  groove,  and  a  loose  bed  A,  resting 
on  two  extensions  B  which  project  from  the  main  bed.  The  auxiliary 
bed  A.  can  be  swivelled  on  the  extensions  for  taper  turning,  and  can 
be  adjusted  to  and  from  the  centers.  The  slide-rest  Is  carried  on  bed 
A,  and  la  fitted  by  a  narrow  guide  at  the  front  The  slide-rest  can  be 
moved  past  the  tallstock,  and  the  center  of  the  latter  need  not  over- 
hang. Motion  la  conveyd  to  the  screw  of  the  slide-rest,  for  feeding, 
through  a  universal- Joint  shaft,  from  the  gear  box  In  front  of  the  head- 
stock-  Graduations  Indicate  the  amount  of  taper  when  the  bed  Is 
swivelled.  A  similar  principle  Is  employed  tn  the  Nllee  lathes  for 
turning  printing-press  cylinders,  paper-machine  rolls,  etc,  there  being 

sequent  freed*1  vibration.     By  carrying  the  webs  up  between 

the  two  bee  Tg.  73,  the  two  bearings.  ex%  tauAi  ttaA,  M> 
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carriages  both  at  the  back  and  front,  eliding  along  supplementary 
beds  or  rails,  which  are  themselves  adjustable  to  and  from  the  center. 

The  bed  of  the  Lo-swlng  lathe  (see  Fig.  68),  built  by  the  Fltchburg 
Machine  Works,  Fltchburg.  Haas.,  Is  an  example  of  a  special  design 
evolved  to  avoid  the  built-up  design  of  slide-rest  In  which  the  hori- 
zontal tool  pressure  acts  at  a  point  a  considerable  distance  above  the 
bed  which  has  to  resist  It  This  lathe,  made  tor  turning  bar  work  be- 
tween centers,  has  the  tool-holder  situated  but  slightly  above  the  lip 
of  the  bed  which  takes  the  pressure. 

As  a  final  example  of  a  special  type  of  bed,  the  double  square  bar 
design.  Fig.  59,  Is  shown.    It  represents  a  type  employed  In  France 


for  screw-cutting  lathes,  operated  by  hand,  all  the  principal  parts, 
Including  the  ban,  being  of  hardened  steel  and  ground.  The  slide- 
rest  fits  on  the  two  bars,  and  Is  slid  along  them  by  means  of  a 
lever  motion.  The  headstock  Is  also  clamped  to  the  bars.  This  lathe 
la  made  by  Messrs.  Brenot,  BuronfoBse  A  Cte,  of  Paris. 
Beds  for  Heavy  Lathes 
When  comparing  the  sectional  forms  of  beds  for  large  lathes  wltb 
those  of  the  ordinary  type  for  the  smaller  and  medium-sized  lathes, 
the  principal  differences  are  found  in  the  extra  strengthening  and 
stiffening  of  the  large  beds.  In  addition  to  differences  In  the  form 
and  number  of  their  slldewaye,  and  in  the  building  up  and  Jointing 
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of  the  sections,  which  for  manufacturing  reasons  sometimes  take  the 
place  of  a  single  large  casting.  Extra  ribbing  or  webbing  is  one  of 
the  first  changes  introduced  as  the  sixes  of  beds  increase,  as  shown 
in  Fig.  46,  where  webs  are  carried  down  on  the  inside  from  the  top, 
and  in  Fig.  47,  where  the  inner  ribs  completely  duplicate  the  outer 
webs.  Many  variations  of  this  type  exist,  which  it  is  impossible  to 
illustrate  here.  It  may  be  mentioned  that  the  bed  in  Fig.  46  is  from 
a  large  lathe  by  Messrs.  Hulse  ft  Co.,  Ltd.,  of  Manchester,  England, 
provided  with  the  firm's  non-rotating  twin  lead-screws.  There  is  one 
screw  on  each  side  of  the  bed,  as  shown,  so  that  the  saddle  is  propelled 
in  a  perfectly  even  manner,  without  risk  of  twisting. 

The  number  of  ways  is  increased  to  three,  four,  and  even  more,  in 
large  beds,  according  to  the  design  of  saddles  employed,  and  their 
number.    Three  ways,  as  shown  in  Fig.  61,  are  frequently  employed 


Fig.  61.    Saavy  Typt  Bed  with  Tkt—  Wayi 

when  there  are  independent  front  and  rear  saddles,  which  fit  on  the 
front  and  back  ways,  respectively,  and  rest  partly  on  the  central  one 
so  that  they  may  pass  each  other.  The  edges  may  be  square  or  of 
vee  form  as  indicated  in  the  illustration.  Beds  with  four  slide-ways  for 
two  or  more  independent  saddles  are  often  used  in  place  of  the  type 
in  Fig.  61,  in  the  larger  lathes.  The  fitting  of  saddles  and  rests  for 
turning  large  diameters  on  faceplate  work  introduces  the  use  of  wing 
or  sole-plates,  extending  from  the  side  of  the  main  bed,  or  in  some  cases 
cast  with  it  and  provided  with  a  slide-way.  For  certain  functions, 
as  in  wheel  lathes,  a  long  cross-bed  passes  across  in  front  of  the  face- 
plate, and  is  bolted  to  wings  extending  from  the  sides  of  the  main 
bed.  In  any  case,  for  turning  large  diameters,  it  is  necessary  to 
make  the  effective  width  of  the  bed  sufficient  to  bring  the  tool-rests 
out  to  the  required  radius. 

In  some  types  of  lathes  for  facing  only,  there  is  no  bed  at  all,  but 
only  a  stand  to  carry  the  headstock,  and  a  T-slotted  plate  in  front 
of  this,  which  has  no  slide-ways,  but  which  simply  supports  the  tool- 
rest 


CHAPTER  n 

THB  LONQITUDINAIj  FORMS  OF  LATHB  BHD8 

The  remarks  made  In  the  pie?  ions  chapter  relative  to  the  flexure 
and  torsion  of  lathe  beds  need  not  be  repeated  here,  but  we  shall 
consider,  with  the  aid  of  the  representative  illustrations,  how  flexare 
is  best  resisted,  and  how  the  longitudinal  shapea  are  modified  to  serve 
different  functions.  The  principal  differences  which  are  made  in  the 
forms  of  beds  are  those  arising  from  variations  in  dimensions,  while 
subsidiary  differences  are  produced  by  special  designs  of  lathes,  or 
additional  functions,  or  by  the  particular  class  of  work  which  is 
done  in  the  lathe  Thus,  the  shapes  of  beds  of  similar  dimensions 
for  ordinary  screw-cutting  or  engine  lathes  and  those  for  turret  lathes 
are  very  often  radically  different  In  the  one  case  provision  has  to  be 
included  for  the  screw-cutting  and  feeding  devices,  for  the  carriage 
motions,  and  for  the  tailstock,  while  in  many  turret  lathes  these 
features  are  absent,  and  the  bed  is  plainer,  with  provision  only  for 
clamping  the  turret  base  and  the  cross-slide.  On  the  other  hand,  the 
arrangements  for  lubricating  the  cutting  tools  and  work  often  intro- 
duce complications  into  the  design  of  turret  lathe  beds,  and  the  casting 
is  of  a  more  elaborate  character  below  the  bed  proper — around  the 
top  of  the  legs  or  standards. 

The  length  of  a  bed  has  an  important  influence  upon  its  construction 
and  the  number  of  supporting  points,  and  if  a  gap  is  included,  this 
also  modifies  the  form  to  a  considerable  degree.  The  number  of  sup- 
ports ranges  from  the  single  cabinet  standard  in  some  small  lathes, 
and  the  two  standards  or  legs  in  those  of  ordinary  dimensions,  to 
the  three  or  more  supports  in  longer  beds.  A  continuous  bed  of  full 
depth  for  the  whole  length  is  employed  in  lathes  for  heavy  work  and 
large  swing,  and  is  supported  solidly  on  concrete  foundations.  The 
truth  and  rigidity  of  a  lathe  bed  depends  to  a  certain  extent  upon 
how  it  is  fastened  down.  Ordinarily,  beds  are  bolted  rigidly  to  their 
foundation,  which  may  be  a  wooden  floor  or  a  stone  or  concrete  base. 

Many  years  ago  Prof.  Sweet  suggested  the  adoption  of  a  tripod 
support  for  lathe  beds,  and  this  suggestion  has  been  acted  upon  In 
practice.  One  end  of  the  lathe  is  bolted  down  by  the  usual  means, 
and  the  other  is  pivoted  on  a  pin  which  passes  through  lugs  in  the 
bed  and  in  the  leg.  The  only  support  at  that  end  is  the  pin  on 
which  the  leg  is  free  to  adjust  itself.  Many  firms  also  adopt  the 
three-point  support  principle  without  any  pivoting  device:  sometimes 
there  are  three  points  of  contact  with  the  foundation,  and  sometimes 
the  bed  is  united  to  the  legs  at  three  points.  The  effect  of  an  untrue 
foundation  is  thereby  neutralized.  Another  method  of  affording  good 
support  is  that  of  casting  the  bed  with,  or  bolting  It  to,  a  single 
column  of  box  form,  which  makes  the  lathe  self-contained,  and  obviates 
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any  risk  of  distortion  or  winding.  This  construction  is  employed  both 
for  small  ordinary  lathes,  and  for  turret  lathes  up  to  fairly  large 
dimensions. 

Legs  or  Supports  for  Lathe  Beds 

When  legs  are  used  to  support  the  bed,  it  is  the  custom  of  some 
makers  to  spread  the  legs  under  the  head  to  a  greater  extent  than 
those  under  the  right-hand  end,  to  resist  the  vibration,  which  Is  more 
pronounced  at  the  headstock  end.  Other  firms  do  not  put  ordinary 
ribbed  legs  at  all  under  the  headstock,  but  prefer  a  boxed  cabinet 
support,  even  when  there  are  legs  at  the  other  end.  The  principle  of 
this  seems  faulty,  since,  if  it  is  considered  necessary  to  put  a  box 
support  under  the  headstock  end,  the  use  of  a  flimsy  support  at  the 
other  end  of  a  heavy  bed  appear*  unreasonable.  Many  makers  view 
the  matter  in  this  light,  and  place  the  bed  on  equally  solid  and  sub- 
stantial supports  at  both  ends;  sometimes  the  supports  are  of  Identical 
pattern,  but  frequently  they  are  a  little  larger  at  the  headstock  end, 
in  order  to  afford  more  cupboard  room  for  tools  and  appliances. 

The  practice  of  placing  the  supports  a  certain  distance  inward  from 
the  ends,  mentioned  in  the  previous  chapter,  is  followed  in  many 
Instances,  and  a  further  development  of  this  principle  is  found  in  the 
case  of  some  lathes,  particularly  those  with  gaps,  where  the  metal  of 
the  boxed  bed  is  carried  down  to  a  considerable  depth  under  the  head- 
stock,  gradually  tapering  off  towards  the  ends.  A  great  many  turret 
lathes  have  their  supports  placed  some  distance  inward  from  the 
ends  of  the  bed,  and  the  under  side  of  the  latter  is  often  tapered  or 
curved  upward  from  the  outside  of  the  legs  to  the  ends  of  the  bed. 

Gap  Lathes 

The  question  of  forming  a  gap  in  a  lathe  bed  has  long  been  the 
subject  of  controversy.  A  gap  lathe  bed  is  practically  as  common  in 
England  as  a  straight  bed.  Theoretical  considerations  have  been  urged 
against  it,  chiefly  on  the  ground  that  the  bed  is  weakened,  because  its 
continuity  is  broken;  but  an  English  lathe  maker  would  argue  that 
the  metal  which  is  removed  can  be  more  than  compensated  for  by 
extra  metal  placed  underneath  and  beyond  the  gap,  and  in  the  heavier 
lathes  by  metal  brought  down  to  the  ground  in  the  form  of  a  broad 
foot  The  real  objection  to  a  gap  is  its  unalterable  dimensions — it 
is  wider  than  is  required  for  some  jobs,  and  not  wide  enough  for 
others.  The  fitting  of  the  bridge-piece  Is  also  liable  to  become  slightly 
inaccurate  when  a  lathe  has  done  much  service,  but  this  can  bo 
rectified.  Thirty  or  forty  years  ago  such  lathes  predominated  over 
all  others,  but  gradually,  with  the  growth  in  specialization,  they  were 
displaced,  to  some  extent,  by  straight-bed  lathes  on  the  one  hand,  and 
by  regular  facing  lathes,  and  vertical  turning  and  boring  mills,  on 
the  other. 

The  movable  gap  is  used  to  a  moderate  extent,  in  medium  and  large 
sizes  of  lathes,  and  would  be  adopted  more  extensively  but  for  the 
fact  of  the  ever-growing  specialization.    The  breadth  of  gap  is  adjust- 
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able  within  a  wide  range,  or  It  mar  be  closed  up  entirely,  the  object 
being,  ol  course,  to  support  the  carriage  as  close  as  practicable  to 
the  cutting  point  ol  the  tool  under  all  conditions.  The  most  serious 
defect  In  gap  lathes,  perhaps,  is  the  tact  that  the  lead-screw  has  to  be 
kept  low  down  to  be  ont  of  the  way.  In  the  movable-gap  lathes  an- 
other difficulty  arises  In  the  driving  of  the  lead-screw,  which  has  to 
be  done  from  gears  at  the  right-hand  end  of  the  bed. 

rig.  87  shows  the  form  of  a  good  type  of  bed,  supported  on  box 
standards  at  both  ends.  The  bed  Is  equipped  for  the  use  of  cutting 
lubricant  or  oil,  though  not  In  such  a  perfect  manner  as  some  beds 
shown  later.  A  more  elaborate  type  of  bed  for  a  20-inch  high-speed 
lathe,  built  by  Smith  ft  Coventry.  Ltd.,  of  Manchester,  England,  Is 
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shown  In  Fig.  66.  The  cross-sectional  shape  of  this  bed  Is  shown  In 
the  previous  chapter.  The  details  of  the  boxing  and  crosB-ribblng 
and  the  Joining  of  the  bed  to  its  standards  will  be  observed.  The 
right-hand  standard  Is  surrounded  by  an  oil  rim  which  conducts  the 
lubricant  into  the  trough,  and  at  the  top  of  the  bed,  close  to  the 
Deadstock,  a  space  Is  left  for  the  oil  and  chips  to  drop  down  into  the 
trough. 

The  two  principal  designs  of  gap  lathes  are  represented  in  Figs.  38 
and  62,  the  first  having  the  gap  compensated  for  by  the  usual  deepen- 
ing underneath,  and  the  other  having  a  continuous  base,  such  as  is 
adopted  for  heavier  lathes.  In  each  case  an  Intermediate  leg  Is  located 
under  the  bed,  owing  to  Its  length.  It  will  be  noticed  that  in  one  case 
the  gap-piece  entirely  nils  the  opening,  while  In  the  other  it  only 
partially  does  so.  leaving  a  space  for  a  large  face-plate  or  chuck  to 
remain  In  place,  and  still  providing  sufficient  length  for  the  support 
of  the  saddle. 

Fig.  63  shows  a  French  design  of  gap  bed  In  which  the  metal  Is 
carried  down  In  a  graceful  curve  under  the  gap.    The  bed  Is  well 
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A  neat  design  of  bed  and  head  for  a  small  lathe  is  shown  in  Fig.  €9, 
cast  with  a  large  tray  around  it  Fig.  72  shows  the  bed  used  in 
some  of  the  German  Pittler  turret  lathes  which  are  supported  on  a 
single  box  base  arranged  as  shown  with  a  strainer  and  trough  for  the 
lubricant  and  a  receptacle  for  tools,  etc  The  cross-sectional  view 
shows  the  jointing  of  the  bed  on  the  standard,  and  the  section  of  the 
ways,  which  carry  the  turret  saddle  on  vees. 

Beds  for  lathes  of  large  size  embody  the  general  principles  which 
have  been  stated,  but  they  are  subject  to  a  number  of  modifications 
which  are  not  met  with  in  those  of  medium  and  small  sixe.  Supporting 
legs  are  necessarily  absent,  the  under  side  of  the  bed  resting  on  its 
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foundations  for  its  whole  length.  Joints  in  the  longitudinal  direction 
as  well  as  in  the  cross  direction  become  necessary  on  account  of  con- 
venience in  casting,  machining  or  transportation.  Gaps  or  pits  are 
used  for  lathes  required  for  swinging  large  diameters,  and  sometimes 
the  head  is  independent  of  the  bed,  except  that  it  is  mounted  on  the 
same  foundation,  that  is,  the  cast-iron  bed  is  not  continuous.  In  some 
facing  lathes  the  bed  does  not  extend  in  the  longitudinal  direction,  but 
comprises  merely  a  support  for  the  slide-rest  The  slide  movements 
are  obtained  only  from  the  rests,  and  not  from  the  bed.  Sometimes  the 
longitudinal  extension  of  the  bed  from  the  headstock  carries  only  a 
tailstock  or  a  boring  head,  and  the  rests  are  supported  on  wings  extend- 
ing toward  front  and  back. 

Fig.  39  illustrates  a  built-up  bed,  with  curved  ribbing  underneath, 
and  a  slide  bed  for  carrying  the  tailstock  and  the  saddle.  The  exten- 
sion plate  at  the  front  carries  the  saddle  of  the  rest  for  turning 
large  work. 
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MACHINE  STOPS,  TRIPS  AND  REVERSING 
MECHANISMS 

In  recent  years,  stops,  trips  and  reversing  mechanisms  have  been 
applied  to  a.  vast  number  of  machine  tools.  The  stops  employed  vary 
from  the  simple  adjustable  stop,  tappet  or  dog,  to  the  mechanisms 
in  which  these  arc  combined  with  cushion  devices,  means  for  reversing 
feed  movements,  etc. 

It  may  be  advisable  at  the  outset  to  call  attention  to  the  difference 
between  a  "self-acting"  and  an  "automatic"  movement.  Many  machines 
which  are  not  wholly  automatic  contain  self-acting  movements.  A 
slide-rest  Ss  self-acting,  though  the  lathe  Is  not  automatic,  because  the 
movements  of  the  slides  have  to  be  thrown  In  and  out  by  the  operator. 
The  greater  number  of  turret  lathes  are  semi-automatic  or  self-acting. 
as  distinct  from  the  automatic  or  "full  automatic"  screw  machine.  A 
number  of  gear-cutlers  and  grinders.  In  which  all  the  movements  pro- 
ceed without  Intervention  from  the  attendant,  are  also  in  the  class 
with  the  fully  automatic  machines.  It  1b  in  these  classes  of  machines 
that  the  highest  developments  of  the  mechanisms  to  be  considered 
are  found. 

There  are  two  kinds  of  stops:  "Dead"  stops  are  those  which  positively 
arrest  a  movement,  and  gage  a  length  or  diameter  in  repetitive  work: 
"trip"  stops  or  '"trips"  throw  out  a  movement,  reverse  it,  or  throw  it 
In  again.  Dead  stops  alone  are  not  sufficient  to  check  a  power  feed  or 
self-acting  movement;  some  means  must  also  be  provided  to  throw  out 
the  feed.  Then  a  dead  stop  may  or  may  not  be  incorporated  to  form 
a  positive  check.  In  many  cases  the  tools  themselves,  as  in  some 
turret-lathe  work,  constitute  dead  stops,  and  render  the  provision  of 
additional  stops  unnecessary.  A  dead  stop  Is  used  in  hand-operated 
mechanisms  to  prevent  the  operator  from  moving  the  slide  or  other 
portion  further  than  the  predetermined  limit,  thus  guarding  against 
error,  and  insuring  a  duplication  of  dimensions  without  the  need  for 
measurement  or  gaging.  Again,  it  is  often  possible  to  throw  out  a 
dead  stop  temporarily,  and  go  past  It  for  certain  purposes,  such  as 
inspection,  and  again  throw  it  in  at  the  same  setting  as  before.  A 
number  of  dead  stops  may  be  located  close  together,  to  enable  selection 
to  be  made  at  will  or  In  regular  rotation,  as  in  the  case  of  a  turret — 
one  for  each  tool-hole.  Frequently  duplex  stops  are  arranged,  to  enable 
the  choice  of  two  distances  for  a  single  slide,  one  stop  being  thrown  out 
of  the  way.  Fine  adjustment  is  in  some  cases  provided  for  a  dead 
slop,  so  that  a  very  precise  setting  can  be  obtained. 

An  important  point  in  the  design  of  dead  stops  is  that  of  rigidity;   ;i 
solid   abutment   should   always   be   used,   and   any    exaeulvi 
(ending  to  cause  springing  must  be  avoided;  otherwise 
are  impossible.     In  the  operation  of  a  hand  turret 
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chine  tool  there  is  necessarily  a  great  deal  of  banging  and  rough 
treatment,  especially  in  the  hands  of  a  careless  operator,  and  weak 
and  badly-supported  stops  will  cause  unsatisfactory  work.  The  binding 
arrangement  for  a  stop  must  also  be  efficient,  so  that  it  will  not  slip 
and  cause  a  batch  of  work  to  be  turned  out  to  wrong  dimensions.  The 
hardening  of  contact  surfaces  is  also  advisable  for  preventing  wear 
and  bruising  that  would  affect  the  dimensions  of  work  produced. 

The  position  and  method  of  attachment  of  a  dead  stop  depends  on 
the  class  of  machine  and  the  design.  Where  a  sliding  table  has  to  be 
stopped,  it  is  in  many  cases  possible  to  attach  the  stops  or  dogs  by 
means  of  a  bolt  and  T-slot  in  the  edge  of  the  table,  this  being  a  very 
simple  method  and  permitting  easy  adjustment;  or  a  round  rod  may 


Fig;.  1.    Dead  Stops  of  a  Type  used  on  a  Cutter-grinding  Machine 

be  held  in  bearings  on  the  edge  of  the  table,  and  adjustable  dogs  be 
clamped  to  the  rod  by  set-screws,  or  by  split  ears  or  lugs.  Another 
method  is  to  have  a  fixed  stop  bolted  to  the  table  edge,  and  adjustable 
dogs  attached  to  a  rod  in  front,  these  being  struck  by  the  stop  accord- 
ing to  the  momevents  of  the  table.  A  favorite  device  for  short  slides, 
such  as  the  cross-slides  of  turret  lathes,  is  to  attach  the  stops  to  a  rod 
or  screw  passing  through  a  hole  in  the  slide,  the  faces  of  the  latter 
coming  into  contact  on  each  side  alternately  with  the  stops.  Plain 
cylindrical  parts,  if  of  small  diameter,  are  often  controlled  by  a  collar 
or  lug,  clamped  to  them  by  means  of  a  set-screw,  and  arranged  to 
encounter  the  face  of  the  bearing  through  which  the  part  moves. 

It  is  evidently  impossible  to  show  all  the  different  kinds  of  stops 
which  are  in  use  on  various  machine  tools,  but  the  following  selection 
of  typical  examples  embodies  the  principles  involved  in  the  design  of 
all  stops.    Slight  modifications  are  made  in  different  machines. 
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In  Fig.  1  is  shown  the  simplest  possible  kind  of  dead  slop  applied 
to  the  table  or  a  culler  grinding  machine.  We  have  here  a  T-slot  In 
Ihe  edge  of  the  moving  table  A,  receiving  the  heads  of  the  bolts  which 
clamp  the  two  stop-plates  through  the  medium  of  knurled  nuts.  The 
plates  strike  the  block  B  on  the  transverse  table. 

Fig.  2  shows  a  modification  of  the 
same  principle.  In  this  case  the 
sliding  head  J  of  a  vertical  milling 
machine  is  to  be  stopped  in  one  di- 
rection only — the  downward — and  a 
projection  stands  out  from  the  slide 
A  to  encounter  the  end  of  the  stop- 
screw  in  the  block  B,  which  is 
clamped  in  a  T-slot  on  the  fixed  head. 
After  adjusting  B  approximately  in 
position  up  or  down  in  the  slot,  by 
the  lever,  the  final  adjustment  is 
made  by  the  knurled-head  screw, 
which  is  finally  locked  by  its  nut 
The  screw  does  not,  however,  pro- 
vide  a   precise   means   of   setting   to 


In 


cases,  therefore,  such  a  stop- screw 
lias  a  micrometer  adjustmeut.  Fig.  3. 
The  head  of  the  screw  Is  graduated, 
bo  that  the  screw  can  be  adjusted 
by  a  known  amount — a  manifest  ad- 
vantage in  fine  work.  The  body  of 
the  stop  is  split,  thus  providing  posi- 
tive   means    for    binding    the    slop- 

An  Illustration  of  the  stop-screw 
or  rod  passing  through  a  hole  in  the 
moving  slide  is  shown  in  Fig.  4. 
The  example  shown  is  that  of  a. 
cross-slide  of  a  turret  lathe.  The 
stop-screw  In  this  case  also  serveB 
the  purpose  of  moving  the  rest  along 
r>c  2,  D»d  stop  hi  on  «  Verticil  through  the  medium  of  the  band- 
Miiuu       h""'  wheel  and  the  miter  gears;  frequent- 

ly, however,  a  separate  plain  rod  is  used,  parallel  with  the  screw,  and 
carrying  split  clamped  dogs  instead  of  the  double  tock-nuts,  shown  In 
Fig.  4.  Another  example  of  the  use  or  double  nuts  is  shown  in  Fig.  7, 
illustrating  the  rear  end  of  a  cross-slide  for  a  turret  lathe.  The  stop- 
screw  is  tapped  into  the  fixed  slide,  and  passes  through  an  extension 
on   the   moving   slide.     T.  '  eerves   us   a    stop    for    both 

front  and  back   t"i>ls.     If  ^^^H">  two  screws  are  used 

locked  with  nuts,  i  Ha  struck  by  a  pin  screwed 
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into  the  moving  slide.  The  advantage  of  both  these  designs  of  stops 
is  that  they  are  perfectly  central,  and  are  therefore  better  than  those 
classes  of  stops  which  are  set  at  the  side  of  the  moving  slide. 

The  combination  of  two  stops,  to  provide  the  choice  of  two  lengths, 
is  common.  A  case  of  this  kind  is  shown  in  Fig.  5,  showing  the  rear 
end  of  a  turret  slide.    The  main  screw  A,  with  a  locking  nut,  abuts 


Fig.  8.     Btop-»crew  with  Micrometer  Adjustment 

against  the  back  of  the  saddle  or  base,  and  forms  one  dead  stop.  An 
adjustable  block  B,  bolted  to  the  edge  of  the  slide,  carries  a  pivoted  dog 
C,  which  when  dropped  down  into  the  position  indicated  in  the  view 
to  the  left,  strikes  against  a  facing  on  the  back  of  the  base.  A  flat 
spring  D,  screwed  to  B,  presses  against  the  tail  of  C  and  maintains  it 


==S^S 
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Fig.  4.     Stop-rod  paaeing  through  a  Hole  in  a  Turret  Lathe  Cross-elide 


in  position.     If  C  is  not  required,  it  is  swung  up  into  the  horizontal 
position,  where  the  flat  spring  also  retains  it 

A  simple  kind  of  stop  for  round  spindles  is  shown  in  Fig.  6.  The 
example  shown  is  used  on  a  sensitive  drill  press,  and  consists  only  of 
a  split  collar,  which  arrests  the  downward  travel  of  the  spindle  by 
striking  against  the  top  bearing. 

One  of  the  most  valuable  principles  in  stop  construction  is  that  of  the 
rotary  disk  carrying  several  stops,  any  one  of  which  may  be  brought 
into  action,  either  in  a  selective  manner — that  is,  according  to  t* 
wish  of  the  operator — or  in  automatic  fashion— one  or  more  stops  be 
made  to  act  only  for  a  particular  tool  or  set  of  tools.    In  this  way  » 
pactness  is  secured,  and  the  stops  are  in  full  sight  and  easily 
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Fig.   S.     Denl  Btopi  uied  on  .  Turret  Lithe  of  Oi'rmii 
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which  was  not  the  case  with  some  of  the  older  designs  of  multiple 
stops,  such  as,  for  example,  a  set  of  flat  bars  laid  side  by  aide  and  used 
for  turret  stops.  Fig.  8  illustrates  a  rotating  type  of  stop,  adopted 
for  the  cross-slide  saddle  of  the  turret  lathe,  there  being  one  stop-rod 
for  each  tool  on  the  cross-slide  turret.  The  head  A  is  mounted  on  the 
end  of  a  shaft  that  is  rotated  simultaneously  with  the  turret,  and  each 
of  the  stop-rods  is  adjusted  independently  and  secured  with  a  nut,  the 
rod   passing   through   the   body   of  the   bolt.     Each   rod   in   turn   abuts 


against  the  bar  B.  held  In  a  bracket  bolted  to  the  front  of  the  lathe 
bed.  The  adjustment  of  this  bar  is  effected  by  loosening  the  set-screw 
and  sliding  It  through  the  bracket;  on  tightening  the  set-screw,  it 
bears  down  on  a  flat  milled  on  the  bar,  and  forms  a  positive  check 
to  slipping. 

Another  application  is  shown  in  Fig.  9.  This  arrangement  Is  applied 
to  the  rear  end  of  the  Plttler  turrets,  wiilcli  are  mounted  on  a  hori- 
zontal axis.  There  are  sixteen  holes  In  the  turret  for  tools,  and  a 
stop  is  provided  for  each  hole.  All  the  rods  are  held  In  the  rim  of  a 
disk  secured  to  the  rear  end  of  the  spindle,  on  the  other  end  of  which 
the  tool  disk  or  turret  in  secured.  The  turret  slide  A  travels,  bringing 
one  stop-rod  at  a  time  against  the  fixed  bed. 

An    arrangement    of    multiple  "-" '-fled"   by    a    radial    ai timi. 
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though  not  set  in  a  circle,  is  used  in  the  Pratt  &  Whitney  turret  lathes. 
Each  stop-rod  is  held  in  an  adjustable  bracket  A,  Fig.  10,  bolted  to  the 
front  side  of  the  bed,  set-screws  being  used  for  clamping;  three  of  these 
only  are  visible  in  the  view.    As  the  turret  rotates,  a  cam  B,  cut  on 


Tig.  11.     Rotating  Stop-bar  used  on  Turret  Lathe 

its  base,  operates  a  roller  C  mounted  on  a  pivoted  lever  D,  and  thus 
brings  the  flat  end  of  another  lever  E,  which  is  secured  to  the  shaft  of 
Z),  into  line  with  one  or  another  of  the  stop-rods,  corresponding  to  the 
position  of  the  tool-holes  in  the  turret.  The  lever  E  is  backed  up  by  a 
lug  projecting  from  the  turret  slide  (not  shown),  taking  the  thrust, 
and  eliminating  spring. 

A  type  of  rotating  stop  which  has  been  extensively  adopted  by  turret 
lathe  manufacturers  during  recent  years  is  illustrated  in  Fig.  11.    The 
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principle  is  that  of  fitting  a  rotating  Blotted  bar  A  somewhere  In  front 
of  the  turret  slide,  aud  gearing  it  up  to  the_turret  to  turn  In  unison 
with  the  latter,  so  that  a  new  face  of  the  bar  will  be  presented  for  each 
turret  face  presented  to  the  work.  T-slots  in  the  bar  provide  for  the 
attachment  of  stop-blocks  or  nuts,  any  number  of  which  may  be  used 
on  one  face.  As  the  turret  slide  travels  along,  these  nuts  corae  against 
either  a  trip  lever  or  a  dead  stop  which  lies  in  their  path,  and  so  throw- 
out  the  feed,  and  generally  also  act  as  dead  stops.  In  the  illustration. 
which  happen  tn  be  on  the  face  nearest  the  turret  are  touched 
by  the  bar  B.  and.  by  forcing  this  down,  operate  a  rod  that  passes 
through  the  base,  thus  dropping  the  worm-box  C  and  stopping  the  feed. 
On  the  Alfred  Herbert  hexagon  turret  lathes  a  refinement  of  this  type 
of  stop  is  introduced  for  the  purpose  of  obtaining  the  very  finest  limits 
In  regard  to  length,  by  enabling  uniform  pressure  lo  be  put  on  the  stops. 


independent  of  changes  in  the  pressure  on  the  cutting  tools  as  they 
become  dull.  Fig.  13  shows  the  appearance  of  the  saddle  with  the 
hexagon  stop-rod  in  front,  and  the  pilot  handle  or  spider.  In  front  of 
the  latter  is  a  disk  A.  rotating  with  the  shaft,  and  carrying  three 
adjustable  dogs  (see  the  detailed  view.  Fig,  121  with  index  lines  upon 
them.  The  saddle  has  a  fixed  sector  with  three  lines  corresponding 
with  those  on  the  dogs.  After  the  feed  has  been  tripped  by  the  contact 
of  one  of  the  stops  on  the  bar  with  the  end  of  the  vertical  plunger  seen 
in  Fig.  13,  the  saddle  can  be  moved  a  short  distance  by  hand  up  to  a 
dead  stop.  Wheu  the  saddle  is  hard  up  against  this  stop,  one  of  the 
dogs  on  the  disk  is  set  to  come  opposite  one  of  the  three  index  lines 
on  the  sector.  The  dog  thus  forms  an  accurate  means  of  measuring 
the  pressure  on  the  dead  stop.  If  more  than  one  length  Is  required 
the  two  other  dogs  may  he  brought  into  use. 

The  combined  trip  and  dead  slop  is  found  In  oth°-  "nee  besides 

turret  lathes.    Fig.  14  represents  the  front  <  table. 
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with  a  trip  dog  A  which  presses  down  the  plunger  B,  and  through  a 
pair  of  levers  throws  out  Jhe  feed.  The  stops  C  are  set  to  abut  against 
the  block  which  receives  Bt  and  thus  act  as  dead  stops,  positively 
arresting  the  table,  so  that  exact  lengths  can  be  milled.  If  the  milling 
cutter  simply  has  to  clear  over  the  ends  of  the  work,  the  dead  stops 
need  not  be  set,  but  if  the  travel  has  to  be  stopped  at  definite  positions, 
they  are  brought  into  employment. 

When  a  feed  has  to  be  tripped,  the  actual  medium  by  which  it  is 
thrown  out  depends  on  circumstances;  it  may  be  either  through  shift- 
ing belts,  by  sliding  clutches — toothed  or  friction — or  through  a  drop- 
worm.  The  difficulty  with  toothed  clutches  is  that  of  insuring  the  re- 
engagement   of  the   teeth.     They   are   reliable   enough,    when   hand- 


Fig.  18.     Rotating  Stop-bar  and  Accurate  Indicator  uied  on  the  Alfred 

Herbert  Hexagon  Turret  Lathe 

operated,  but  may  fail  when  an  attempt  is  made  to  render  the  mechan- 
ism self-acting,  unless  the  clutches  are  actuated  by  springs  or  a  lever. 
To  render  the  action  absolutely  precise,  an  element  must  be  Included 
to  cause  both  the  release  and  the  engagement  to  take  place  at  an 
instant     A  spring  plunger  is  the  device  often  adopted.     A  spring  is 
compressed  by  the  movement  of  the  -striking  lever,  which  at  the  same 
time  releases  a  trigger  or  catch,  setting  the  spring  free  to  push  the 
clutch  into  engagement    This  method  is  obviously  capable  of  various 
applications.    The  springs  may  be  actuated  by  a  lever  or  by  cams  or 
by  other  means.    A  latch  or  latches  lock  the  mechanism,  rendering  it 
impossible  to  throw  any  other  movement  in  until  they  are  released 
This  feature  is  worked  out  in  various  ways  and  is  embodied  in  several 
gear-cutting  machines  to  prevent  interference  between  the  indexin| 
and  cutting  operations. 
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which  actuates  lever  D  through  a  link,  tbua  throwing  out  the  clutch, 
and  stopping  the  feed. 

A  double  trip  and  reversing  mechanism  for  a  large  grinding  machine 
Is  shown  in  Fig.  16.  In  this  arrangement  the  dog  is  bolted  to  the  edge 
of  the  moving  table,  and  strikes  against  adjustable  dogs  on  the  flat 
striking  bar,  which  is  connected  by  levers  to  the  toothed  clutch.  In 
rliis  design  the  table  feeds  and  reverses  so  long  as  the  driving  mechan- 
ism is  running.  This  brings  us  to  the  question  of  locking,  that  is 
retaining  a  clutch  or  other  gear  in  mesh  as  long  as  It  has  to  drive. 
Without    some    means    of    locking,    there    Is    nothing    to    prevent    the 


■ngaginK  under  the  effects  of  vibration.  Tl 
i  method  is  to  fit  a  spring  plunger  with  a  pointed 
end,  or  with  a  roller,  which  slips  down  along  a  beveled  end  on  one 
of  the  levers,  or  into  recesses,  there  being  many  ways  of  accomplishing 
the  desired  result.  Fig.  19  shows  the  principle  applied  to  a  toothed 
clutch  set  between  miter  gears,  for  reversing  a  grinding  machine. 
When  the  stop-rod  A  is  shifted  endwise  it  moves  the  lever  B  over, 
and   the  left-hand  .nil   of    "  •  clutch  into  mesh.      Simultane- 

ously  the   plunger   C  T   the   action   of   the   coiled 

spring,  and    II  ■■'   end   iif   the   short 

extension  on  B,  thus  ^^^B<to  full  engagement, 
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and  holding  It  there  until  reversal  again  occurs.  Another  example  of 
the  spring  plunger  arrangement  Is  illustrated  in  Fig.  20.  This  de- 
sign is  taken  from  the  clutclw-e  versing  mechanism  of  a  special  gear- 
cutter.  The  locking  is  effected  by  a  roller  A  mounted  In  a  stud  or 
plunger,  and  forced  outward  by  a  spiral  spring  contained  in  the 
holder.    As  the  lever  B  is  thrown  over  by  the  long  lever  pivoted  to 


Fit.  80.    Spring  Fluscer  tpplied  to  Clutcb-r»v«itn«  Mochuiim 

It,  the  roller  ia  moved  from  the  flat  face  a  to  the  face  b,  thus  retain- 
ing lever  B  in  position. 

Another  method,  see  Fig.  21.  utilizes  the  bent  end  of  a  flat  spring  A 
to  lock  the  beveled  end  of  a  lever  in  its  two  positions.  This  example 
is  taken  from  a  shaping  machine,  in  which  the  dogs  B,  bolted  to  the 
T-slot  in  the  top  of  the  ram,  encounter  the  trip  lever  C  and  throw 
It  over,  thus  actuating  the  two  connecting  levers  which  move  the 
lever  D,  the  latter  sliding  the  rod  which  throws  in  the  frlctlou  clutch 


TRIPS    AND   REVERSING    MECHANISMS 


17 


Inside  the  belt  pulleys.  E  Is  a  wedge,  adjusted  in  either  direction  by 
the  screw  and  knurled  nut,  by  which  fine  adjustments  in  length  of 
stroke  are  obtained  while  the  machine  is  running. 

In  cases  where  a  clutch   is  thrown  over  by  the  part   rotation   of 
spindle,  the  latter  may  be  utilized  in  connection  with  the  locking  t 
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In  Fig.  22,  which  shows  a  mechanism  for  a  milling  machine  table. 
A  plunger  is  situated  at  A,  which  catches  in  the  stud  inserted  in  the 
Eplndle  below,  and  retains  the  latter  In  position.  The  part  rotation 
of  the  spindle  Is  effected  through  a  plunger  rack  B,  meshing  with  the 
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Flr.  ».     Locking;  Meehuilim  (or  Clutch  ( 
teeth   cut  on   the   spindle, 
dog  V  on  the  edge  of  the  table.     L>  \> 
gear  by  the  movement  of  the  splnil 
screw  Into  action. 

Worm  trips  are  very  much  in  f 
and  their  Instantaneous  effect.  Th 
released  and  falls  by  the  action 
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teeth  from  those  of  the  wheel.  Two  examples  of  this  mode  of  action 
will  suffice.  Fig.  23  Is  a  trip  applied  to  an  upright  drill,  In  which  the 
end  of  a  lever  A  is  struck  by  the  downcoming  collar  or  rod  on  the 
spindle  sleeve,  raising  the  other  end  of  the  lever,  which  is  formed  as  a 
trigger,  and  releasing  the  handle  B,  which  Is  clamped  to  the  worm-box, 
pivoted  at  point  a.  The  worm-box  and  handle  turn  ou  the  axis  pass- 
ing through  a,  and  thus  the  worm  is  allowed  to  fall  away  from  Its 


Fie.   23.     Trlnu  Trip  for  Drop  Worm-box 

gear.  The  striking  of  the  lever  A  Is  generally  accomplished  by  an 
adjustable  collar,  clamped  at  any  desired  position  on  the  spindle 
sleeve,  or  by  a  rod,  as  in  Fig.  24,  held  In  a  stud  projecting  out  from 
the  sleeve. 

Fig.  25  Is  a  drop  latch  fitted  to  the  table  of  a  vertical  milling  ma- 
chine, which  drops  the  worm  from  engagement  with  the  gear  tin 
turns  the  table  screw.     So  long  as  the  latch  A  remains  In  the  poaltl 
shown,  maintained  by  the  spring  plunger  B,  the  shoulder  cut  ' 
retains  the  end  of  the  worm-shaft  bearing  in  place,  but  when 
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on  the  under  side  of  the  table  comes  against  the  short  end  of  A,  the 
latter  is  lilted,  and  the  worm  drops. 

With  regard  to  belt-shifting  mechanisms,  the  difficulty  of  producing 
the  necessary  amount  of  belt  travel  with  a  small  amount  of  stop 
lever  movement  is  overcome  by  magnifying  the  effect  by  a  series 
of  long  belt  levers.  The  operating  tappet  mechanism  is  compara- 
tively simple,  comprising  in  general  a  striking  dog  A.  Fig.  215.  which 
knocks  over  the  lever  B,  connected  by  other  levers  with  the  belt- 
shifting  mechanism.  The  return  of  the  lever  B  is  produced  by  the 
other  dog  or  tappet  C,  the  catch  of  which  can  be  tipped  up,  out  of 
the  way. 

The  fitting  of  trip  motions  to  disks  is  adopted  in  various  ways,  a 
stop-block  being  usually  bolted  to  the  disk  so  that  at  a  predetermined 


spur  ge 
carry  In: 


point,  the  block  actuates  the  trip  gear  and  throws  out  a  certain 
movement.  Thus  in  Fig.  31,  the  worm-wheel  has  dogs  bolted  to  a 
T-stot  in  its  face,  and  these  dogs  strike  a  swinging  lever  A,  thus 
imparting  a  partial  rotation  to  the  shaft  on  which  It  la  keyed,  and 
dropping,  through  a  rack  and  pinion,  a  slide  which  carries  a  sector 
gear  that  has  to  be  disengaged.  The  spring  plunger  and  roller  B 
keep  the  lever  A  In  either  of  its  two  positions,  the  roller  pressing 
on  one  or  the  other  of  the  Ivta  slopes  of  the  beveled  end.  Another 
Interesting  application  of  the  disk  trip  is  illustrated  in  Fig.  29,  which 
shows  the  end  of  a  boring  mill  cross-rail.  When  the  clutch  C  Is  Id 
gear,  the  feed-screw  A  Is  turned  by  a  gear  B,  operated  from  other 
spur  gears  not  shown.  A  worm-wheel  D,  with  a  T-slot  in  Its  face  for 
■ylng  a  dog  K.  is  driven  by  a  worm  ou  the  extension  of  the  screw  A. 
'herefore,  (lie  clutch  Is  in  mesh,  the  wheel  D  continues  to  rotate 
1  contact  with  the  beveled  end  of  the  trip  lever  F,  and 
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the  latter  la  pushed  over,  disengaging  the  clutch,  and  stopping  the 
rotation  of  A.  Dog  E  is  set  at  any  required  position  on  the  circle  to 
trip  the  feed  at  the  desired  position  of  the  cross-slide  on  the  rail. 
Another  variation  of  the  same  idea  is  shown  In  Fig.  2S,  illustrating  a 
feeding  device  for  a  gear-cutter.  A  slotted  lever  A  is  rocked  to  and 
,  and  by  means  of  the  pawls  a  gives  intermittent  turning  n 


,  thus 


to  the  ratchet  wheel  B,     This  continues  until  the 

way  of  the  pawls,  which  are  then  thrust  out  of  engagement  w 

stopping  the  feed. 

In  certain  cases  the  feed  Is  engaged  automatically  at  the 
that  the  reversal  occurs,  as  in  planers.     An  Interesting  device,  applied 
o  the  Richards'  side  planing  machines  made  by  Geo.  Richards 
iMiter,  Is  used  for  giving  the  down  feed  to  the  tool- 
the  end  of  the  long  arm.     When  the  saddle  A, 
&  B.  propelled  by  its  screw  turned  by  belt 
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pulleys  with  open  and  crossed  belts,  a  pair  of  horns  a,  bolted  to  A,  strike 
dogs  Z>,  mounted  on  a  rod  c,  which  by  its  longitudinal  movement  actu- 
ates the  belt-shifting  mechanism  and  produces  the  reversals,  as  in  an 
ordinary  planer.  But  the  rod  c  is  also  given  a  twisting  movement,  in 
the  following  manner:  Within  the  bearing  d  Is  a  bushing,  having  cam 
grooves  cut  in  its  walls  as  shown  in  the  enlarged  detail,  these  grooves 
receiving  rollers  on  the  ends  of  a  pin  that  passes  through  the  rod  c. 
When  therefore  c  is  slid  endwise  it  must  twist  the  rod,  because  the 
bushing  cannot  turn.  Another  rod  e,  through  the  medium  of  miter 
gears,  imparts  the  down  feed  to  the  screw  of  the  tool-box  through  a 
ratchet  gear. 

The  combined  reversal  and  feed  is  also  applied  to  grinding  machines, 
to  feed  the  wheel  a  slight  amount  after  each  pass  or  stroke.  One  illus- 
tration of  this  class  of  mechanism  as  fitted  to  the  Birch  grinders  is 
seen  in  Fig.  27.  The  rocking  of  the  lever  A  in  alternate  directions  when 
struck  by  the  table  dogs  has  the  effect  of  rocking  B  up  and  down,  and 
causing  the  spring-maintained  pawl  C  to  feed  the  disk,  on  the  periphery 
of  which  fine  ratchet  teeth  are  cut  Hand  adjustment  is  obtained  by 
the  small  lever  seen  pear  the  top. 


CHAPTER    II 


Bevlces  for  clamping  and  locking  various  parts  arc  found  on  prac- 
tically all  machine  tools,  anil  the  different  methods  used  afford  a  very 
Interesting  study.  In  considering  this  subject  we  disregard  permanent 
fastenings — that  Is  those  which  are  not  released  and  tightened  as  part 
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of  the  operation  of  the  machine — and  take  into  account  only  those 
devices  which  are  expressly  designed  to  permit  of  more  or  less  rapid 
loosening  and  tightening,  to  allow  adjustments.  There  are  a  great 
many  conditions  under  which  these  devices  are  required,  and  the  par- 
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holding  some  parts,  but  In  other  cases  this  would  be  an  unsatisfactory 
method  to  adopt  Again,  friction  may  be  ample  to  hold  a  certain  part, 
while  In  another  case  a  positive  device  le  necessary. 

The  distinction  between  clamping  and  locking  which  will  be  made 
In  the  following  Is  this:     Clamping  produces  a  decided  pressure,  suftl- 
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clent  to  enable  a  part  of  a  machine  to  resist  the  shocks  or  vibration 
tending  to  shift  it,  while  locking  is  only  a  method  of  temporarily  hold- 
ing a  piece  In  position,  by  means  of  a  plunger  or  other  medium,  sum- 


\ 


dent  to  retain  it,  but  without  giving  a  powerful  clamping  or  squeezing 
action.  A  locking  device,  therefore,  might  not  be  powerful  enough  to 
act  as  a  clamping  device,  so  that  these  functions  must  be  regarded  aa 
distinct  from  each  other.  As  a  matter  of  course  we  say  that  a  slide  is 
locked,  when  we  ought  to  say  that  It  is  clamped,  because  the  parts  are 
drawn  together  powerfully,  and  not  merely  prevented  from  shifting  by 
a  pin  or  other  means.    As  a  general  rule  it  may  be  said  that  lockinj. 
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holds  a  machine  part  in  a  definite  position,  or  in  one  of  a  series  of  posi- 
tions previously  known,  by  means  of  holes,  slots,  or  grooves,  which  de- 
termine these  positions;  but  a  part  may  be  clamped,  at  any  location. 


with  or  without  the 
the  setting.  In  some 
log  and  clamping  ar 
lng  the  former. 
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ise  of  graduations  or  other  means  to  determine 
cases,  although  these  are  not  very  common,  lock- 
■  combined,  the   latter  supplementing  and  assist 
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The  following  selection  of  typical  devices,  representative  of  Ameri- 
can,  English,  and  German  practice,  will  serve  to  illustrate  the  principles 
of  clamping  and  locking  devices.     A  large  number  of  other  examples 
which  might  be  shown,  are  but  modifications  at  those  here  selected. 
Clamping  De 
Dealing   first   with   clamping,    the  set-screv 

pressing  upon  (lie  portion  that  hai 
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vice,  but  1b  open  to  objections.  On  a  flat  surface  It  is  efficient,  but  the 
pressure  is  too  local,  and  this  construction  1b  not  adapted  to  withstand 
heavy  strains  without  slipping.  Moreover  it  has  the  bad  effect  of  forc- 
ing the  parts  away  from  each  other  when  screwed  up,  so  that  a  fruitful 
source  of  vibration  is  Introduced,  whereas  other  and  better  methods  of 
clamping  pull  the  parts  together  and  act  as  clamps  in  the  true  sense 
of  the  word.    Usually  the  pressure  of  a  set-screw  point  is  objectionable. 


{.  41,    Clunp  for  OriodLLf  Macnino 
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aiid  a  soft  pad  or  shoe  is  employed  to  avoid  the  marring  effect  other- 
wise met  with  This  pad  or  shoe  may  be  shaped  to  correspond  with 
the  form  of  the  surface  against  which  It  bears.  Fig.  32  is  an  example 
of  a  set-screw  in  an  awkward  situation,  this  example  being  taken  front 
one  of  the  Seller's  tool-grinders;  the  screw  passes  through  a  bushing; 
and  presses  upon  a  pad  shaped  to  fit  the  outside  of  the  cylindrical 
sleeve.  In  some  cases  the  shoe  or  pad  may  be  notched  out  to  prea*  * 
against  the  V  of  a  slide,  as  in  Fig.  34,  for  locking  purposes.     This  ex- 
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ample  is  taken  from  a  cutter-grinder.  The  necessity  for  a  shoe  la 
sometimes  avoided  by  sinking  the  end  of  the  screw  into  the  metal,  as 
in  Fig.  33.  which  shows  a  gib  clamp  for  a  milling  machine  slide.  la  the 
case  of  a  circular  part,  Fig.  35.  a  groove  ia  turned  for  the  locking  screw- 
to  enter,  this  construction  also  preventing  endwise  motion  of  the  pin 
to  he  locked.    The  function  of  the  pin  la  to  actuate  a  clutch  for  a  drill- 
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ing  machine  head.    Sometimes  the  groove  is  arranged  so  that  the  screw 
draws  the  piece  tightly  downward  to  a  bearing,  as  shown  in  Fig.  36. 

There  are  numerous  instances  where  ordinary  holts  are  employed  for 
clamping  purposes;  some  special  form  of  clamp  or  strap  is  often  used 
in  this  connection,  in  order  to  utilize  the  pressure  to  the  best  advantage. 
Thus  in  the  work-spindle  slide  of  a  gear-cutter.  Fig.  3S.  four  bolts  are 


employed,  and  a  dished  clamping  plate  is  used  to  clear  the  nut  at  the 
back  of  the  slide.  When  rapid  manipulation  without  using  a  spanner 
is  desirable,  a  handle  takes  the  place  of  the  hexagon  nut,  as  on  the 
sensitive  drill  shown  in  Fig.  37.  Another  case  where  the  clamping 
screw  la  set  to  one  side,  owing  to  the  presence  of  a  central  hole,  is  seen 
t.i  Fig.  39;  a  fillister-head  screw  retains  the  plate  in  position  on  one 
side,  and  the  tightening  of  the  handle  clamps  the  alido  against  the  face 
of  the  casting.  This  detail  la  taken  from  a  cutter-grinding  machine. 
After  some  time,  a  clamping  handle  will  asBitme  a  position  which 
renders  its  proper  operation  difficult,  and  provision  may  be  made  to 
compensate  for  wear  to  prevent  I  —• >uhle.  ThuB,  in  Fig.  40,  the 
handle  turning  the  screw  whl>  '"**' "ing  block  la  secured 

by  a   si  -t-.-i  [■■  v..     T';.  ''%  be  readjusted 

into  the  most  convenient  |pe  represents 

the  clamp  for  the  saddle 
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Pig.  41  Illustrates  the  table  clamp  of  a  grinding  machine,  which  per- 
mits of  the  swivellng  motion  for  angular  grinding.  This  design  differs 
from  the  previous  Instance  in  that  the  bolt  Is  adjustable  in  its  slot 
t  j  allow  for  the  radial  movement  of  the  table.  Another  specimen  of 
clamping  with  a  block  drawn  up  by  a  bolt  and  handle  is  shown  In  Fig. 
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42,  and  is  used  for  a  milling  machine  slide.  The  threaded  end  of  the 
bolt  is  tapped  into  the  block,  and  the  latter  presses  against  the  beveled 
edge  of  the  slide.  Another  variation  of  this  type  of  device  is  shown  In 
Fig.  43,  illustrating  the  outer  bearing  for  a  gear-cutting  spindle.    This 


spindle  must  be  adjusted  endwise;  by  loosening  the  two  set-screws,  the 
clamping  strip  is  raised  by  the  colled  springs,  and  the  bearing  Is  free 
to  slide.  Under  certain  conditions  It  is  necessary  to  have  a  perfectly 
balanced  clamping  effort,  as,  for  example,  In  dividing  heads.  An  in- 
stance of  this  is  Illustrated  In  Fig.  44.  The  swivel-block  has  beveled 
edges  turned  at  each  side,  and  the  correspondingly  shaped  blocks  are 
drawn  together  simultaneously  by  the  tightening  of  the  nut;  the  clamps 
are  guided  in  the  solid  metal,  so  that  distortion  Is  prevented.    A  similar 
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principle  la  employed  In  many  classes  of  clamping  devices  for  cylindri- 
cal parts,  such  aa  the  spindle  .In  Fig.  45,  which  Is  secured  by  the 
pressure  of  the  bolt  head  and  the  bushing,  suitably  formed  to  fit  the 
spindle,  and  drawn  down  upon  it  by  tightening  the  nut  The  spindle  la 
not  marred,  and  there  Is  no  need  of  weakening  the  beating  by  splitting 
It  for  the  purpose  of  clamping. 


Three  other  types  of  clamping  devices  are  shown  in  Figs.  46,  47  and 
48,  the  first  being  a  plate  forced  against  the  side  of  a  milling  machine 
table,  this  being  an  alternative  construction  to  that  in  Fig.  33.    Fig.  47 


la  a  form  that  Is  possible  In  only  a  few  cases,  the  mental ' 
except  for  a  split  or  slot,  and  the  clamping  effecter1 
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action  only.  This  detail  shows  the  method  of  attaching  a  milling  ma- 
chine brace  to  the  knee.  Pig.  48  shows  a  clamping  arrangement  for 
a  poppet  or  tallstock  spindle,  which  also  serves  the  purpose  of  keeping 
the  spindle  from  turning. 

One  of  the  most  popular  methods  of  clamping  Is  by  the  split  lug,  boss 
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or  collar,  drawn  together  by  a  screw  or  screws.  This  provides  for  a 
very  powerful  grip.  There  are  so  many  examples  of  this  device  that  It 
Is  only  possible  to  show  a  few  types.  In  small  luge,  fillister  bead  screws 
are  suitable  for  the  drawing- together  action,  but  a  bolt  Is  better  for 


of   Open 


large  parts,  as  In  Fig.  49,  which  shows  the  bracket  of  a  cutter-grinder 
clamped  on  Its  pillar.  It  is  not  always  necessary  to  carry  the  split 
right  through  the  boss;  it  may  pass  only  partly  through,  as  in  Fig.  60. 
The  bolt  in  this  case  Is  held  by  a  set-screw,  so  that  it  may  be  turned 
partly  around  to  bring  the  clamping  handle  into  the  most  convenient 
position,  this  constituting  a  variation  of  the  method  in  Fig.  40.  Fig. 
ul  is  another  instance  of  partial  splitting  of  a  sleeve  of  a  radial  drill 
arm.  An  interesting  type  of  such  a  method  of  clamping  Is  found  In  the 
Brown  &  Sharpe  milling  machine  arm;  the  two  tightening  screws  are 
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situated  at  the  opposite  ends  of  the  frame,  but  are  coupled  together 
a  rack-bar  which  causes  the  two  screws  to  turn  simultaneously.     It  Is, 
therefore,  necessary  to  turn  one  screw  only,  as  Indicated  in  Pig,  53. 

The  tightening  nut  or  lever  for  a  split  clamp  is  usually  placed  ciose 
to  the  boss,  but  in  some  cases  it  may  be  necessary  to  vary  the  position 


Fl|.  U.  wedc*  Action  Clup  for  Grinder  T.ilitoct 
for  convenience  of  manipulation.  Thus  in  the  drilling  machine  table. 
Fig.  54,  the  screw  is  prolonged  into  a  long  spindle,  thus  bringing  the 
clamping  handle  to  the  front  of  the  table,  where  the  operator  can  reach 
It  without  effort  or  straining.  Fig.  60  illustrates  a  split  clamp  which 
does  not  act  in  the  usual  manner,  but  serves  to  draw  two  beveled  sur- 


CUmp  for 


faces  together  (this  example  being  a  pillar  and  sleeve  of  a  radial  drill), 
to  prevent  rotation.  When  the  clamp  is  loosened,  the  sleeve  Is  free 
to  turn  on  Its  ball-race. 

Wedge  action  is  utilized  fur  clamping,  in  numerous  cases,  instead  of 
direct  screw  pressure,  and  is  often  more  suitable  for  certain  purposes. 
Fig.  52  is  representative  of  several  such  designs,  this  example  being 
the  clamp  for  a  grinder  tatlatn-  on  ia  like  that  of  a  cotter.    A 
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similar  principle  is  employed  in  Pig.  55  where  the  overhanging  arm 
of  a  special  grinding  machine  is  held  by  the  forcing  upward  of  a  block 
through  the  screwing  in  of  a  tapered  plug.  The  groove  ia  the  am 
also  prevents  the  latter  from  twisting. 

Fig.   56  shows  the  principle   of  a  clamping  arrangement  used  I 
Messrs.  Alfred  Herbert.  Ltd.,  on  their  milling  machines.    The  object  1 
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to  clamp  the  entire  length  of  the  knee,  Instead  of  clamping  at  i 
location  only,  the  wedge  strip  being  forced  downward  by  turning  the 
handle,  which  causes  the  pinion  A  to  rotate  and  force  the  strip  along. 
Another  instance  of  wedge  action  combined  with  levers,  is  seen  In  Fig. 
58,    which    shows   the    Whltcomb-Blalsdell    planer   cross-rail    fastening. 


Wiafi  the  handle  in  the  disk  A  Is  pulled  over,  it  draws  the  strip  and 
wedge  B  along,  and  the  latter  presses  against  the  roller  C.  which  is 
mounted  on  the  pivot  pin  of  the  levers  D.  These  levers  are  forced  out- 
ward, and  as  they  pivot  on  the  screws  near  their  ends,  they  are  caused 
to  press  against  the  inside  of  the  uprights,  and  thus  pull  the  cross-rail 
tightly  against  the  faces  of  the  housings.  Fig.  61  shows  a  multiple 
clamping  arrangement,  used  on  multiple  dividing  centers.  The  object 
Is  to  bind  the  four  spindles  simultaneously.    When  the  right-  and  left- 
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band  screw  Is  turned.  It  draws  the  two  wedges  together,  and  these  push 
the  blocks  A  upward,  thus  binding  the  spindles. 

Eccentric  action  1b  also  employed  extensively,  and  has  the  advantage 
of  being  more  rapid  and  convenient  for  some  kinds  of  clamping  than 
a  screw  or  wedge.  This  action  Is  particularly  handy  when  the  clamping 
and  unclamplng  la  very  frequent  An  eccentric  device  applied  to  a 
lathe  tail-stock  Is  Illustrated  in  Fig.  57.  The  nuts  at  the  bottom  of 
the  clamping  plate  allow  for  adjustment  to  make  the  eccentric  act  at 
the  proper  position  of  the  handle.  A  modified  form  of  the  same  typo 
Is  seen  In  Fig.  59,  which  Is  used  for  a  bench  lathe,  while  an  arrange- 
ment for  the  turret  saddle  of  a  chucking  lathe  is  shown  In  Fig.  62.  The 
clamping  plate  here  la  designed  to  pull  the  saddle  over  against  the  edge 
A  of  the  bed,  so  that  a  constant  alignment  la  preserved.  The  tightening 
lever  has  stop  lugs,  which  abut  against  studs,  screwed  Into  the  face 
adjacent  to  the  boss,  and  arrest  the  lever  at  definite  positions.  An 
Instance  of  duplex  clamping,  applied  to  the  head  of  a  vertical  milling 
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machine,  is  shown  in  Fig.  63.  The  clamping  rod  passing  through  the 
casting  has  eliRhtly  eccentric  ends,  and  these  force  the  lugs  upon  them 
In  an  outward  direction  when  the  lever  is  pulled,  thus  drawing  the 
plates  or  clamping  strips  against  the  back  edges  of  the  projecting  ways 
of  the  column.  Adjustment  is  made  by  means  of  the  threaded  ends 
and  the  nuts. 

Provision  has  occasionally  to  be  Included  for  permitting  a  pivoting 
or  "throw-back"  action  in  connection  with  clamping.  Very  frequently 
a  pivoted  eye-bolt  meets  the  requirements,  or  alternatively  a  loop  or 
strap  fitted,  as  shown  in  Fig.  64.  to  a  hinged  steady-rest.  A  different 
method  Is  to  employ  bolts  in  T-slots,  Fig.  65,  the  two  marked  A  being 
used  to  hold  the  bracket  down,   for  steadying  the  arbor  support  of  a 
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gear-cutter.  The  bracket  is  hinged  on  the  pivot-pin  in  the  plate  B.  and 
the  latter  remains  clamped  in  position  by  its  two  bolts.  When  the 
bracket  has  to  be  thrown  back.  It  is  only  necessary  to  slacken  the  nuts 
A.  and  slide  the  bolts  out  of  the  slots.  Another  point  with  reference  to 
clamping  ia  that  power  Is  sometimes  gafned  by  using  gears  for  effect- 
ing a  specially  tight  grip.  There  is  one  type  of  latbe  tailstock  in  which 
the  clamping  bolt  is  turned  by  a  spur  gear  actuated  by  a  pinlou,  on  the 
shaft  of  which  the  spanner  is  placed,  thus  giving  a  very  powerful  grip 
for  high-speed  work. 

Locking  Devices 
Taking  up  now  the  consideration  or  locking  devices,  it  should  be 
mentioned  that  these  may  be  classified  as  positive  locks  and  friction 
locks,  the  latter  being  obviously  unsatisfactory  In  many  cases  where 
the  risk  of  any  slip  would  be  detrimental.  The  simplest  lock,  perhaps. 
Is  that  used  for  the  back-gears  of  a  lathe  or  other  machine,   where  a 
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bolt  Is  slid  Into  a  slot  to  encounter  a  projection  on  the  cone  pulley. 
The  pin  may  also  be  pushed  endwise  into  a  hole,  the  relative  positions 
of  in-  and  out-of-gear  being  controlled  by  a  spring  This  kind  of  device 
is  also  employed  to  lock  the  pulleys  of  grinding  heads  when  dead-cent.T 
work  is  being  done.  Pig.  G6  represents  a  lock  adopted  on  a  high-speed 
lathe,  the  locking  bolt  being  tapered  to  fit  In  the  slot  Id  the  adjacent 
g«ir.  tlio  object  being  to  prevent  back-lash.  A  typka!  positive  lock  is 
shown  fu  Fig.  67,  thlB  example  being  the  pin  for  securing  the  eccentric 
spindle  of  a  back-gear.    The  pin  may  be  straight  or  parallel,  as  shown. 

lore  frequently  it  is  tapered.     Slides  or  other  parts  are  frequently 

1  by  tapered  pins. 


38  No.   112— STOPS,    TRIPS    AND    LOCK1NO    DEVICES 


i 


Tig.  W.    L*okla«  Ha  for  LaUia-lMid  0« 


• — iTT 

-^uE^ffi 

1 

Fl«.    67.     Eccntrlc   Spindlt    Locking  Fit.    BB.     Lockini    A.n 


CLAMPING    AND    LOCKING    DEVICES  39 

Fig.  69  1b  a  locking  device  employed  on  the  oncn-splndle  turret  lathes 
of  Messrs.  John  Lang  ft  Sons,  to  hold  the  spindle  while  the  chuck  on 
the  nose  Is  being  tightened  or  loosened  with  a  spanner.  When  the 
lock  Is  thrown  downward,  the  spindle  la  free  to  rotate.  Two  other  posi- 
tive locks  are  Illustrated  in  Figs.  70  and  73,  one  for  a  turret  lathe  of 
the  type  used  largely  In  England,  the  other  for  a  central-hole  type  of 
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turret  In  both  cases  a  tapered  part  enters  slots  In  the  periphery  of 
the  indexing  disks.  The  wedge  strip  beside  the  plunger  in  Fig.  73 
takes  up  play  due  to  wear. 

Positive  locks  are  also  seen  in  Figs.  68  and  72.  In  Fig.  68  a  disk 
on  the  body  of  a  sleeve  has  notebes,  into  any  one  of  which  the  pivoted 
catch  drops,  under  the  action  of  a  coiled  spring,  thus  holding  the  sleeve 
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In  one  position.    Fig.  72  shows  a  quick-w  1th drawing  device  for  screw- 
cuttlng;  when  the  catch  X  drops  Into  engagement  with  the  toothed  disk 
B  the  rotation  of  the  latter  has  the  effect  of  turning  the  quick-pitched 
screw  C.     The  spring  plunger  D  In  the  lever  which  carries  "A,  lo* 
the  latter  In  either  the  "in"  or  "out"  position,  according  to  whettu 
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plunger  point  slips  Into  either  the  one  or  the  other  of  the  countersinks 
In  the  inner  end  of  A. 

The  spring  plunger  Is  a  familiar  locking  device,  and  is  found  In 
vaxied  forms,  usually  embodying  a  pointed  or  tapered  plunger  which 
obviates  back-lash.    A  common  Instance  Is  that  shown  in  fig.  74  used 
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for  a  speed-  or  feed-change  lever.  The  plunger  is  contained  within  the 
handle,  and  its  point  slips  into  any  one  of  the  countersinks  in  the  quad- 
rant. The  arrangement  may  also  he  as  In  Fig.  71,  with  a  pull-back 
device  for  each  plunger,  as  the  latter  In  this  case  enter  more  deeply 
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into  their  locking  holes.  An  alternative  construction  la  shown  in  Fig. 
75,  where  the  block  which  moves  or  slides  the  spur  gears  endwise  is 
locked  by  a  tapered  sleeve  entering  any  one  of  four  tapered  recesses  in 
the  locking  plate.  A  spring  inside  the  sleeve  keeps  it  In  position.  Fig. 
76  illustrates  another  method  of  withdrawing  a  plunger,  this  method 
being  used  on  the  familiar  Hendey-Norton  change-gear  device,  In  which 
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the  act  of  grasping  the  handle  firmly  withdraws  the  plunger,  ready  for 
the  movement  to  another  hole.  Still  another  method,  employed  on  a 
milling  machine  dividing  head  Is  represented  in  Fig.  79;  the  locking 
plunger  in  this  example  is  pulled  back  by  a  rack  and  pinion  device,  and 
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the  pinion  sleeve  Is  itself  locked  by  drawing  It  backward  until  the  pin 
near  its  end  slips  Into  the  slot  In  a  bushing  as  shown. 

Pig.  78  shows  a  different  construction,  also  for  a  dividing  head,  the 
plunger  A  has  only  a  pull-back  action,  without  a  positive  lock,  while 
the  other  plunger  B  Is  provided  with  a  pin  which  slips  into  a  sort  of 


bayonet  catch,  and  prevents  the  plunger  from  moving  forward  under 
the  action  of  the  spring.  The  locking  plunger  In  Fig.  80  (for  coupling 
in  the  back-gears  of  a  vertical  milling  machine).  Is  held  out  of  position 
by  the  pin  A.  but  a  quarter  turn  of  the  plunger  allows  this  pin  to  slip 
into  a  groove  Inside  the  bore  and  thus  let  the  plunger  into  any  one  of 
the  holes  in  the  disk  below.  Finally,  the  Brown  and  Sharpe  back-gear 
lock.  Fig.  77,  represents  an  ingenious  method  of  retaining  automatically 
the  ball  ends  of  a  lever  in  position. 

The   succeeding   illustrations   are   those   of   friction   locking   devices. 


to  work  the  cross-slide  of  a  turret  lathe.  In  order  that  the  operator 
may  hare  the  handle  Id  the  most  convenient  and  least  fatiguing  posi- 
tion.  It  la  adjustable  arouDd  the  pin  on   which   It  Is  mounted,  by 


I'll.   It.     Ciwitida  Lfflr  with  Split  Hob  far  Lwkin*  in  Vuioui  Portion. 

simply  loosening  the  binding  screw.  An  alternative  method  Is  to 
taper  the  inside  of  the  lever,  as  In  Fig.  82,  to  match  the  outside  of  t'.ie 
slotted  levers  shown,  and  force  the  two  together  by  a  nut  This  consti- 
tutes a  friction  clutch,  and  is  an  idea  that  Is  found  in  many  locking 
devices,  especially   for  locking  gears  and  other   parts   together   tem- 
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porarlly,  and  for  micrometer  and  similar  devices.  Other  arrangements 
for  micrometer  dials  are  shown  In  Pigs.  83  and  84.  for  locking  the 
dials  at  zero  when  desired.  Pig.  83  has  a  small  bolt  tightened  by  a 
knurled-head  nut,  the  head  of  the  bolt  lying  Id  a  circular  T-slot  In 


FLf.    M.      CtD.i-iIirte    Lot 


Friction   Lock 


the  dial.  When  the  nut  is  screwed  up,  the  dial  Is  locked  to  the  hand- 
wheel  and  turns  with  It  In  Pig.  84  the  point  of  the  central  threaded 
plunger  forces  a  small  block  outward  against  the  bore  ot  the  dial, 
and  locks  the  latter. 
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Ratchets  are  occasionally  utilized  for  locking  purposes,  one  instance 
being  in  wire-feeds,  where  the  feeding  dog  is  held  on  its  supporting 
rod  by  a  pawl  entering  Into  the  teeth  of  the  ratchet  bar. 
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CHAPTER    I 


BOLT  HEADING  MACHINES 

The  bolt  and  nut  Industry  in  America  started  In  a  very  small  way  in 
Marlon,  Conn.,  in  1818.  In  that  year  Mlcah  Rugg,  a  country  black- 
smith, made  bolts  by  the  forging  process.  The  first  machine  used  for 
this  purpose  was  a  device  known  as  a  heading  block,  which  was 
operated  by  a  foot  treadle  and  a  connecting  lever.  The  connecting 
lever  held  the  blank  while  it  was  being  driven  down  into  the  im- 
pression in  the  heading  block  by  a  hammer.  The  square  iron  from 
which  the  bolt  was  made  was  first  rounded,  so  that  it  could  be  ad- 
mitted into  the  block.  At  first  Rugg  only  made  bolts  to  order,  and 
charged  at  the  rate  of  sixteen  cents  a  piece.  This  industry  developed 
very  i-biwly  until  1839,  when  Rugg  went  into  partnership  with  Martin 
Harm's;  together  they  built  the  first  exclusive  bolt  and  nut  factory 
in  the  United  Stales  in  Marion,  Conn.  The  bolt  and  nut  Industry 
was  started  in  England  in  1838  by  Thomas  Oliver,  of  Darlston,  Staf- 
fordshire. His  machine  was  built  on  a  somewhat  different  plan  from 
that  of  Rugg's,  but  no  doubt  was  a  further  development  of  the  first 
machine:   Oliver's  machine  was  known  as  the  "English  Oliver." 

As  is  generally  the  case  with  a  new  industry,  the  methods  and  ma- 
chines used  were  very  carefully  guarded  from  the  public,  and  this 
characteristic  seems  to  have  followed  this  Industry  down  to  the  pres- 
ent time,  judging  by  the  scarcity  of  information  available  on  the 
subject.  Some  idea  of  the  methods  which  were  at  first  employed  to 
retain  all  information  in  the  factory  in  which  it  was  originated  is  well 
brought  out  by  the  following  instance:  In  1842,  when  the  industry 
was  beginning  to  be  generally  known,  it  Is  stated  that  a  Mr.  Clark, 
who  at  that  time  owned  a  bolt  and  nut  factory  In  New  England,  and 
had  devised  a  special  machine  for  use  in  this  manufacture,  had  his 
forging  machine  located  in  a  room  separated  from  the  furnaces  by  a 
thick  wall.  A  hole  was  cut  through  this  wall,  and  the  man  who 
operated  the  machine  received  the  heated  bars  from  the  furnace 
through  the  small  hole  in  the  wall.  The  only  person  who  ever  got  a. 
glimpse  of  the  machine  was  the  operator.  The  forge  man  was  not 
permitted  to  enter  the  room. 

Machine  forging,  as  we  know  It  to-day.  is  of  wide  application,  em- 
bracing a  large  number  of  machines  and  processes  that  apply,  in  a 
measure,  to  almost  any  manufacturing  plant.  Machine  parts  hitherto 
made  from  castings  are  now  made  much  more  economically  by  the 
use  of  the  drop-hammer  or  forging  machine,  and  give  much  more, 
satisfm-tury  service. 

Types  of  Machines 

Upsetting  and  hradlng  machines  are  divided  into  two  gon---- 
namely.  Mop-motion  and   luiilinuons-motion   headers.      'VI 
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headers  have  the  greatest  range,  and  are  primarily  used  for  heading 
bolts  and  for  all  kinds  of  upset  forcings.  The  continuous-motion 
headers  are  used  only  for  heading  rivets,  carriage  bolts  and  short 
lengths  of  hexagon-  and  square-head  machine  bolts;  they  produce  these 
parts  at  a  much  faster  rate  than  la  possible  with  a  stop-motion  header, 
but  their  range  of  work  is  limited.  The  universal  practice  is  to  shear 
the  bars  cold  when  working  a  slop-motion  header,  and  only  In  special 
cases,  when  the  shank  of  the  headed  piece  Is  very  short,  fs  the  side 
shear  used. 

Rivets,  etc.,  forged  in  the  continuous-motion  header,  are  made  by  tie 
process  known  as  "off  the  bar;"  that  Is,  a  bar  fs  heated  for  a  distance 
of  approximately  four  feet,  and  Is  then  pushed  Into  the  machine 
where  the  moving  die  acts  as  a  shear  and  cuts   off   the   blunk.     The 


Sit.  I.     Ajml  Bolt  Hindi-,    _.. 

M.diina   Bolt!   ind    Up»t 

latter   Is   Immediately    gripped   against   the   stationary    die,   whereupon 
It  In  headed  and   ejected.     This   whole   cycle  of  movements   I 
plished  in  one  revolution  of  the  flywheel. 

Operation  of  Plain  Bolt  and  Rivet  Machines 

Briefly  stated,  a  plain  bolt  and  rivet  machine  comprises  two  grip- 
ping dies,  one  movable  and  the  other  stationary,  and  a  ram  which 
carries  the  heading  tool.  The  heated  bar  Is  placed  In  the  impression 
In  the  stationary  prippiug  die,  and  against  the  ease  stop;  the  ma- 
chine Is  then  operated  by  pressing  nOWl  die  shown  in 
front  of  the  machine  In  Fig.  2.  As  all  I,  Ihe  stock  is 
generally  cut  to  the  desired  length  [■■ 
machine,  especially  when  it  i^  l<> 
with  the  tongs;   tint  it  can  1  B   to  the 
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desired  length  in  the  side  shear.  It  is  also  possible,  In  some  makes 
of  machines,  to  insert  a  cutting  tool  to  cut  off  the  blank  before  head- 
ing, when  the  work  is  not  greater  in  length  than  the  capacity  of  the 
machine. 

There  are  several  methods  used  in  making  bolts  and  rivets  in  a 
regular  forging  machine.     In  Fig.  3  Is  shown  a  diagrammatical  view 
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Fig-.  3.     Plain   Typo   cf   Bolt   Forping   D.«;s   01    Universal   Application. 
Fig.    4.     Single- blow  Rivet  Dies.      Fig.    5.     Doublu-Ueck  Three-blow  Dies 

of  a  set  of  forging  dies  which  have  a  very  wide  range  of  application. 
In  this  type  of  dirs  the  head  on  the  bolt  is  formed  by  rotating  the 
l.ar  between  the  gripping  dies  after  earn  blow  of  the  plunger.  For  a 
h'liiare-headed  bolt,  the  bar  is  turned  twice  through  a  space  of  90 
0.  "rees,  and  is  generally  given  two  or  more  blows  in  each  position. 
A  hexagon-head  bolt  usually  requires  at  least,  six  blows  to  complete  one 


between  dies  B  and  C  while  being  cut  off.  Tool  D,  beld  in  the  ram 
of  the  machine,  then  advances,  upsetting  the  head  to  the  shape  shown, 
whereupon  the  movable  die  backs  out,  allowing  the  formed  rivet  to 
drop  out  and  the  bar  to  be  inserted  to  the  stop,  ready  for  the  next 
piece.  The  type  of  bolt  heading  tool  illustrated  in  Fig.  5  is  known 
as  a  double-deck  three-blow  bolt  die;  its  use  and  operation  wflX  be 
explained  later. 
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Successive  Steps  In  Heading  Bolts 
Figs.  6.  7  and  8  show  the  successive  steps  followed  la  the  forging 
of  a  hexagon-head  bolt  in  the  type  of  bolt  forging  dies  illustrated 
In  Fig.  3.  Bar  A.,  which  is  heated  for  a  portion  of  Its  length,  is 
placed  In  the  impression  In  the  stationary  gripping  die  B,  as  shown 
In  Pig.  6,  and  Is  gaged  to  length  by  the  lifting  stop  C.  The  machine 
Is  then  operated,  and  the  movable  die  D  closes  in  on  the  bar,  gripping 
it  rigidly.  The  stop  now  rises,  and,  as  the  ram  of  the  machine  ad- 
vances, the  plunger  E  upsets  the  end  of  tbe  bolt,  the  blocks  F  and  G 
forming  a  flat  on  each  side  of  the  upset  end.  The  operator  keeps  his 
foot  on  the  treadle,  and  as  the  movable  die  backs  out,  he  rotates  the 
rod  one-sisth  of  a  turn.  This  operation  is  repeated  until  the  head 
baa  been  correctly  formed.     The  operator  now  removes  his  foot  from 


the  treadle,  stopping  the  operation  of  the  machine,  when  the  dies 
remain  in  the  open  position,  allowing  him  to  remove  the  completed 
bolt  as  shown  In  Fig.  7.  This  view  shows  the  stop  down  and  the 
dies  open  ready  for  the  rod  to  be  inserted  again,  while  Fig.  8  shows 
the  dies  open  and  the  plunger  on  Its  return  stroke. 

Fig.  9  shows  how  the  furnace  and  forging  machine  are  arranged 
for  making  bolts  and  machine  forgings  in  a  Cleveland  railroad  shop. 
The  bars  In  this  case  are  long  enough  to  he  gripped  with  the  tongs, 
and  are  therefore  cut  off  to  the  desired  length  in  a  power  shear  before 
heading.  From  the  power  shear  the  bars  are  brought  to  the  heating 
furnace.  In  the  truck  shown  to  the  right  lu  the  Illustration,  where 
one  end  of  the  bars  Is  heated  to  the  desired  temperature.  This  fur- 
nace la  heated  by  oil  and  is  placed  as  close  to  the  forging  machin<' 
as  possible.     The  man  who  attends  to  tie  h-  -f  Itu.-  stock  place 
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the  rods  in  a  row,  and  as  soon  as  toe  end  10  be  headed  reaches  the 
proper  temperature,  he  quickly  removes  the  heated  bar  and  passes 
it  to  the  forging  machine  operator,  who  Immediately  places  it  between 
the  dies,  operates  the  machine,  and  forms  the  head.  In  this  particular 
esample  the  bolt  is  1%  inch  In  diameter  by  12  Inches  long,  and  is 
formed  in  three  blows  in  double-deck  dies  of  the  type  illustrated  in 
Fig,  11.  The  dies  and  heading  tool  are  kept  told  by  means  of  a 
3  the  bolt  is  headed  it  is  thrown 


used  for  conveying  the  bolta  t 


Fig.  10.    View 


in  the  truck  to  the  left, 
threading  machines. 

Fig.  10  shows  a  view  looking  down  into  the  die  space  of  the  "Ajax" 
bolt  header,  from  which  an  Idea  of  the  relation  between  the  working 
members  can  be  obtained.  The  back  stop  A  is  used  for  locating  the 
bar  la  the  correct  position.  This  stop  is  sometimes  used 
the  swinging  stop  B.  This  view  also  shows  how  the  gripping  dies 
are  held  in  the  die  space;  a  heel  plate  fastened  to  the  frame  of  the 
machine  and  to  the  movable  die-slide  by  studs  and  nuts,  carries 
set-screwa  which  bear  down  on  the  die  blocks,  holding  them  i 
in  the  die  space. 


BOLT    HEADING    MACHINES  11 

Types  of  Bolt  Header  Diefl 
Fig.  11  shows  a  type  of  bolt  heading  dies  known  as  double-deck 
three-blow  bolt  dies,  which  are  used  for  finishing  hexagon-head  bolts. 
The  two  gripping  dies  A  and  D.  as  a  rule,  are  made  from  blocks  of 
tire  steel;    each   gripping  die  is  made   from   three  pieces   to   facilitate 
machining.    The  lower  header  punch  C  is  cupped  out  to  form  a  hexa- 
gon, and  is  held  In  the  beading  tool-holder  which  is  attached  to  the 
im  of  the  machine.     The  upper  punch  D  Is  held  In  the  same  manner 
i   the    lower   heading   punch,   and   forces   the   bolt   into   the   hexagon 
impression  in  the  dies  after  it  has  been  roughly  formed   In  the  lower 
impression.     This  type  of  die  produces  a  bolt  free  from  fins  and  burrs, 
as  regards  size  and  shape.     The  bolt  is  given  one  blow 
in  the  lower  position  and  then  raised  to  the  upper  die  impression, 
wIic-tp  it  is  generally  given  two  blows. 

A  combination  set  of  double-deck  gripping  dies   for  making  square- 
and  hexagon-head  bolts  is  shown  in  Fig.  12.    The  construction  of  these 


Fig.   11.     Typo   of  Doubl-dock  DiM   uud   in   producini   Boll  Suil 
without  Fin.  or  Bur™  in  Tores  Blown 

dies  is  similar  to  that  of  the  dies  shown  in  Fig.  11,  with  the  exception 
that  Hii^r  <lifs  can  lit.'  n-.  <1  for  making  bulb  s<]i:;ii'c-  and  hexBgOn- 
head  bolts.  The  punches  for  forming  the  hexagon-  and  square-head 
bolts  are  shown  at  the  right  and  left,  respectively,  A  general  Idea 
of  the  class  of  work  turned  out  in  a  bolt  and  rivet  header  may  be 
obtained  from  Fig.  13. 

Construction  of  National  Wedse-STip  Bolt  and  Rivet  Header 

Fig.   34   shows   a  view   of  a   two-inch   National    wedge-grip  bolt   and 

rivet  header  which  13  used  for  making  bolts,  rivets  and  miscellaneous 

forging*     There  are  a  number  of  interesting  features  connected  with 

WBlcb   is   the   wedge-grip   and   automatic   relief 

In  (  ind  rivet  header  it  is  necessary  that 

■  i-k    b»  tnpressiou    in    the   gripping  dies 

and  not  Itnlh   r.f  these  dies  must  come 
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tightly  together,  and  are  made  to  do  so  by  the  mechanism  of  the 
machine;  therefore  any  foreign  body  preventing  the  correct  movement 
of  these  dies  would  cause  trouble  by  breaking  the  machine.  If  no 
special    means    to    safeguard    against    this    were    provided.      Various 


methods  have  been  used,  however,  for  obviating  this  difficulty,  one 
of  which  Is  the  application  of  a  shearing  pin  in  the  movable  gripping 
die  slide,  which,  when  the  foreign  body  la  placed  between  the  dies. 


is  sheared  off  without  causing  any  damage  to  the  machine.     Another 
method,  which  is  a  special  feature  of  the  National  wedge-grip  header. 
Is  a  spring  relief,  which   throws  the   entire   gripping   mechanism   out 
of  action  should  the  stock  or  any   foreign  body  be  caught  i 
between  the  dies  and  prevent   them   from  closing.     The  action  of  this 
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<r. 


relief  la  indicated  in  Figs.  15  to  17.  In  Fig.  15  the  gripping  dies  are 
shown  closed  and  the  relief  mechanism  does  not  operate.  In  Fig.  16, 
the  gripping  dies  are  shown  open  and  the  rani  is  at  its  extreme  back- 
ward stroke,  while  in  Fig.  17  the  dies  are  open,  but  with  the  rain  at 
the  forward  end  of  the  stroke.  The  latter  view  shows  what  happens 
when  a  foreign  body  Is  caught  between  the  gripping  dies  and  prevents 
them  from  closing. 

The  relief  mechanism  consists  of  a  spring  plunger  A,  the  front  end 
of  which  la  beveled,  and  which  Is  kept  in  the  "out"  position  by  a 
coiled  spring.  This  plunger,  as  Indicated  In  Fig.  16,  presses  against 
on  angular  projection  on  the  movable  gripping  slide.  Now  when  a 
foreign    body   comes   between    the    gripping    dies    and    prevents    them 
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IS 


to  be  exerted  over  the  entire  working  surface  of  the  dies.  The  station- 
ary die  D  and  movable  die  E  are  set  so  tbat  their  working  faces 
merely  touch,  and  (he  rigidity  of  the  grip  prevents  any  spring,  so 
that  the  work  can  be  produced  without  (ins  and  burrs.  By  not  having 
to  set  the  dies  ahead,  the  pounding  or  battering  and  premature  wear- 
ing out  of  the  dies  is  prevented. 

Tig.  18  shows  more  clearly  how  the  movable  and  stationary  dieB  are 
retained  in  the  die  space,  and  how  they  are  hacked  up  by  steel  liners. 
From  an  inspection  of  this  illustration  it  will  be  Been  that  with  this 


sliding  wedge  mechanism   it  is  practically   impossible   for  the  dies  to 
give  or  Bprtng  when  in  operation  on  the  work. 

Hammer  Typo  of  Bolt  Header 
in  the  type  of  bolt  and  rivet  making  machines  so  far  described,  the 
bead  is  formed  by  hitting  the  heated  bar  on  the  end  and  forcing  It  into 
suitably  shaped  Impressions  in  the  gripping  dies.  In  the  following, 
attention  will  be  given  to  a  type  of  bolt  heading  machine  in  which 
the  end  of  the  bar  is  first  upset  and  the  head  then  formed  to  the 
desired  shape  by  the  combined  action  of  the  upsetting  punch  and 
hammer  dies  operating  from  all  four  sides. 

In   Ihc   hammer  type  of  bolt  header,  shown   in  Figs.   19,  20  and 

the  head  of  the  bolt  is  formed  by  an  end-working  upsetting  punch  and 

■  re   which  an    "l"  r:it<''l   from  all   U>\\r  sides  at  right  angles 

■     lii.lt      In   operation,   the   heated   blank,    which   has 

length,  is  placed   in   a   scat   (when   the  bolt  Is 

■■>omniodiited  )  and  between  the  gripping  dies, 

il).    ;]iljii~lable  stop  _i.     Then  by  a  move- 


able  stop,  and  the  gripping  dies  are  not  opened  until  the  head  Is  c 
pletely  formed.  From  three  to  five  blows  are  struck,  depending  U 
the  size  of  the  bolt  and  the  finish  desired,  whereupon  the 


Tlie    li;-inf]i    pise  of  this  typr   of  hainnw  header  is  provided  with 

■  "iitrollliiE  levers,  as  shown  in  Fits,  uo  and  i.'l.    One  of  these 

anna  carrying   the  gripping   dies,  and  the   other 

ing   and    slopping   the    machine.      On    the 

smaller  lnea,    one    kvvr    eonlnils    holh    of    these   mo 
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racnts.  Fig.  20  shows  one  of  these  hammer  headers  with  the  grip- 
ping dies  and  the  left-hand  gripping  die  hanger  removed;  this  view 
also  shows  clearly  the  upsetting  punch  and  the  four  forming  ham- 
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mers.  Fig.  21  shows  the  same  machine  with  one  of  the  gripping  dies 
in  place,  but  with  the  left-hand  gripping  die  hanger  removed.  Th« 
tools  used  in  this  machine  are  more  clearly  Illustrated  in  Fig.  21; 
the  various  members  are  denoted  with  the  same  reference  letters  u 
used  in  connection  with  the  description  of  the  machine.    For  making  m, 
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IS 


square-headed  bolt.  the  dde-worktog  hammers,  of  course,  are  of  the 
same  shape  as  the  vertical  hammers. 

The  type  of  hammer  header  illustrated  In  Figa.  19,  20  and  21  i 
limited  in  Its  scope  to  the  production  of  square,  hexagon  and  te< 
headed  bolts  as  shown  In  Fig.  23.  These,  however,  can  be  produced 
in  large  quantities  at  a  low  cost,  and  what  is  more  important,  the 
product  is  entirely  free  from  fins  and  burrs,  and  is  shaped  as  ac- 
curately as  is  possible  by  the  torgtng  method.  The  fact,  however, 
that  it  takes  longer  to  change  the  dies  from  one  size  to  another  in  this 


other   types  of  bolt   headers,   where   frequent   changes   In   the  alaes  of 
dies  are   necessary. 

Stock  Required  for  Bolt  Heads 
In  forming  a  head  on  a  bolt  or  rivet,  the  heated  metal  on  the  end 
of  the  bar  is  upset  or  formed  Into  the  desired  shape  by  a  plunger  held 
in  The  ram  of  the  forging  machine.     To  produce  the  head  require!  con- 
siderably more  metal   than  the  thickness  of  the  head — because  of  the 
increase   in   diameter — and   hence   It   is   neceBsary   to   allow    a  certain 
amount  ol   excess  stock  to  form  the   head.     Table  I  gives  proportions 
ill   D    B     standard   and   Manufacturers'   standard   hexagon   and   square 
bolt   heads,   and   also    the   approximute   amount   of   stock   required 
form   the   head — this    Information   being    listed    In   Columns    "C"    u 
"F."      The   excess   amount   of   stock    gi" 
enough  for  starting  the  machine,  as  the  stop 
ftttted  to  suit 


CONTINUOUS-MOTION  BOLT  AND  RIVET  HEADERS 

Continuous-motion  bolt  and  rivet  headers  are  made  in  two  types, 
one  being  hand-red  and  the  other  provided  with  au  automatic  roll 
feed.  A  machine  or  the  hand-led  type  is  shown  in  Fig.  24.  In  operat- 
ing this  type  of  machine,  the  bar,  which  has  been  healed  for  a  length 
of  four  or  five  feet,  is  fed  through  a  shear  in  the  faceplate  block  of 
the  machine,  and  as  the  movable  gripping  die  closes  on  the  bar,  a 
blank  of  the  required  length  is  cut  off  and  held  rigidly  in  the  grip- 
ping dies.    The  head  is  then  formed  by  the  forward  movement  of  the 


built  by  I 

ram  which  carries  the  heading  tool.  After  heading,  the  ram  of  the 
machine  recedes,  the  gripping  dies  open,  and  a  kicker,  actuated  by  a 
connecting-rod  c  from  a  cam  on  the  main  shaft,  ejects  the  finished 
work  from  the  dies,  depositing  it,  through  a  chute,  Into  a  box.  As 
the  dies  open,  the  operator  again  pushes  In  the  heated  bar  until  it 
strikes  the  stop,  and  as  the  movable  die  advances,  another  blank  Is 
cut  off  and  headed  as  before.  The  machine  runs  oontinn 
the  heated  portion  of  the  bar  haw  been  extiaiisled,  when  the  operator 
takes  a  newly  heated  bar  from  the  furnace  and  proceeds  as  before. 
A    bolt   or   rivet    marli-    In    a    machine   ui    this    tyi 

blow,  and,  therefore,  for  work  within  the  capacity  of  tlii- 

the  production  Is  greatly   increased  over  that  obtained  from   the  pi. 


BOLT    AND    RIVET    HEADERS 

type  of  forging  machine.  One  of  the  chief  requisites  In  a  machine  of 
the  coutiuuouB-iuotion  type  is  that  of  securing  a  rigid  grip  or 
work  while  the  head  is  being  formed.  If  the  grip  is  not  satisfactory, 
that  la,  if  the  dies  separate,  it  causes  the  shank  of  the  bolt  or  rivet 
to  become  tapered  or  out  of  round,  and  also  results  in  fins  being 
produced  on  the  shank  and  under  the  head.  Furthermore,  unless  the 
machine  is  provided  with  suitable  slides  which  can  be  kept  In  proper 
alignment,  it  is  difficult  to  secure  work  on  which  the  heads  are 
trally  located  with  the  shanks,  and  also  to  keep  the  shear  and  movable 
die  in  correct  working  relation. 
The  type  of  tools  used  in  the  bolt  and  rivet  machine  of  the  con- 


tinuous-motion type  Is  illustrated  In  Fig.  25.    The  two  gripping  dies 
.1  and  B  are  held  In  the  die  space  of  the  machine  by  heel  clamps  as 
shown  in  Fig.  24.     The  gripping  dies  are  provided  with  four  Inter- 
changeable grooves,  so  that  when  one  groove  wears  out,  it  Is  only 
to  turn  the  blocks.     The  heading  punch  C.  which  is  held 
in  the  holder  D  in  the  ram  of  the  machine,  is  cupped  out  to  suit  the 
shape  of  the  bolt  or  rivet  head,  and  Is  so  arranged  that  it  will  be  in 
ith   the  gripping  dies.     F.    is  the  shearing  blade 
'.n-i'lilate   block,   and    is   used   in   cutting  off  the 
The  length  of  the  gripping  dies  Is  gov- 
't required;   they  are  made  shorter  than 


NO.    113— BOLT,    NDT    AND    RIVKT    FORCING 


i         Continuous-motion  Bolt  and  Klvet  Header  with  Automatic  Feed 

Fig.  26  shows  a  continuous-motion  bolt  and  rivet  header  furnished 
with  a  roll  feed  attachment,  which  consists  of  four  rollers  provided  with 
suitably  shaped  grooves  in  their  peripheries.  ThlB  view  shows  the 
roller  teed  attachment  swung  back  out  of  the  way  in  order  to  exhibit 
the  dies  and  tools.  This  machine  is  similar  to  the  one  shown  in  Pig. 
24,  with  the  exception  of  the  roll  feed  attachment  Tor  handling  the 
bars  automatically.     The  tools  used  are  shown  in  Fig.  27,  together 


Kf(.   Cl 

with  an  example  of  work  produced  in   them.     The  shearing  die  A, 
In  this  case,  is  steel  bushed  and  is  circular  instead  of  oblong  in  b 
The  gripping  dies  B  and  C  are  provided  with  four  grooi 
previously   described,  but   to   change   the  blocks   for  presenting  a  t\ 
groove,  they   are   turned   end   for   end,   there   being   no   grooves   in    I 
top  faces.     D  Is  a  %   by  4-inch  track  bolt;  E  is  the  heading  tool  t 
is  held  in  the  ram  of  the  machine. 

A  close  view  looking  down  Into  the  die  space  of  the  machine  a 
in   Fig.   26   is   illustrated   in   Fig.    28.     This   view   shows   th< 
positions   of   the    feed    rolls,    shearing    die,    gripping    dies,    I 
heated  bar  ia  fed  by  the  rolls  F  through  the  guide  pipe  G,  3 
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bracket   B,    and   through    the   shearing   bushing  A.     This   bushing    i 
retained   In   Ihe  faceplate  I   which   Is  held  in  grooves  In   the  machine- 
bed.     The  bar  is  fed  directly  through  the  cut-off  bushing  A    and  is 
gaged  to  length  by  the  swinging  stop  J   (see  also  Fig.  26).     The  mov- 
able die  C  then   advances,  cuts  off  the  blank   and   carries  it   into   the 


smov*  in  the  stationary  ciie  IS.  gripping  it  while  the  heading  tool   (£,'. 
Fei.   M)   advances  and   upsets  the  end   of  the  bar,   forming   the  head. 


■    ■ 


[pping  dies  are  held  in  place  by  straps. 
Lting  in  grooves  In  ttieir  lower  faces, 
by  tlie  travel  transmitted  to  the  rolls 
1.  which  ri'-f'hos  piiwer  frmii  the  inniii 
^^^^Katehet.    pawl,    gears. 


24 
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The  various  steps  in  the  production  of  a  round-head  rivet  by  the 
continuous-motion  single-blow  bolt  and  rivet  machine,  are  clearly 
illustrated  in  the  digaram  Fig.  29.  At  A,  the  feed  rolls  have  operated 
and  have  fed  the  heated  bar  out  against  the  gage  stop;   at  B,  the 
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Fig.  29.     Successive  Stops  in  the  Formation  of  a  Round-head  BiTtt  la 
a  Single-blow  Rivet  Machine  of  the  Continuous-motion  Tjyt 

movable  die  has  advanced,  sheared  off  the  end  of  the  ta 
through  the  shearing  bushing),  and  carried  the  blank  ll 
in  the  stationary  die.     When  the  blank  is  held  rigid! 
words,  when  the  movable  die  has  reached  the  end  • 


»  j 
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movement,  the  heading  tool  advances,  as  shown  nt  C.  and  upsets  the 
end  of  the  bar,  forming  the  head.  At  D,  the  movable  die  and  heading 
tool  have  retreated,  the  ejector  pin  (see  A".  Fig.  26)  has  advanced, 
pushing  out  the  completed  rivet,  and  the  bar  has  been  ted  out  again 
ready  for  a  repetition  of  the  operations. 

Some  idea  of  the  methods  pursued  in  the  making  of  bolts  and  rivets 
by  the  con tluuo us-motion  machine  process  can  be  obtained  from  Fig. 
30,  which  shows  an  operator  attending  to  one  of  these  automatic 
machines.  The  furnace  in  which  the  bar  is  heated  (In  the  condition 
in  which  It  comes  from  the  mill)  Is  located  anywhere  from  3'^  to  4 
feet  from  the  feed  roils  of  the  machine,  and  is  provided  in  front  with 
a  roller  A,  over  which  the  heated  bar  passes.      The   heating   furnace. 


t  '   f    i     """■ 


as  a  rule,   is  30   feet  long,  so  that  the  entire  length  of  a  bar  can  be 
accommodated. 

As  soon  as  the  bar  in  the  furnace  has  reached  the  proper  tempera- 
ture, the  operator  grips  it  with  a  pair  of  tonga,  as  Indicated  in  Fig.  30, 
draws  It  out,  and  places  It  between  the  feed  roils.  Then  he  presses 
down  the  foot-lever  B,  thus  starting  the  machine.  The  heated  bar  is 
then  drawn  in  by  the  roils,  fed  through  the  cuttlng-off  die,  gripped  in 
the  gripping  dies,  headed  and  ejected  at  the  rapid  rate  of  forty  to 
i  per  minute. 

3  of  rivets,  as  a  rule,  steel  containing  from  0.10 

■■irbon   is   more  frequently   used   than   wrought   iron, 

material    is    used    in    considerable    quantities    in 

sblfshnients.     Wrought  iron   for  making  rivets 
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I  heated  to  almost  a  white  beat,  but  steel  which  contains  from  0  10 
to  0,12  per  cent  carbon  la  heated  to  only  about  1400  degrees  F. — a 
bright  red  color.  When  the  head  of  a  rivet  is  so  shaped  that  it  is 
necessary  to  carry  the  stock  down  far  into  the  heading  tool,  the  tem- 
perature to  which  the  bar  is  heated  roust  be  increased,  in  order  to 
make  the  metal  flow  more  readily  and  prevent  buckling. 

In  making  rivets  with  long  tapered  heads,  the  operator  geueratly 
finds  ft  necessary  to  change  Ihe  length  of  feed,  so  that  a  rivet  having 
a  full  head  without  flash  is  formed.  The  reason  for  thiB  is  that  the 
bars  sometimes  vary  In  size  and  temperature,  which  makes  this  ad- 
justment necessary.  A  continuous-motion  bolt  and  rivet  making  ma. 
chine,  which   is  provided   with  means   for  taking  care  of  the   fiuctua- 


o  Ty  ra- 


tions in  size  and  temperature  of  stock,  is  shown  in  Fig.  31,  In  this 
machine  the  position  of  the  stop  is  controlled  by  a  hand  wheel  A. 
within  convenient  reach  of  the  operator,  which  he  adjusls  either  way, 
depending  upon  the  size  of  the  bar,  temperature  of  the  metal,  the- 
shape  of  the  part  to  be  produced  and  the   material   from   which  ft  Is 


made.     When  an  over-staa  bar  is  • 

operator  shortens 

the  length  of  feed,  as  it  is  evident 

. 

stock  would  ijtln  v- 

wise  be  supplied.     Wbi 

■ 

reverse  is  the  case. 

Again,  whi  n  ihi    bar  ; 

-    ■:■  ■'   l! 

on  the   end   by  the 

t  metal  is  pvuvid'  it 

than    When    the    bar    : 

ntly    harder.      The 

operator  iva 

■  .  and  then 

adjusts   thi 

feasible—  having  a 

full  h-art  and 
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The  feed  rolls  in  the  machine  shown  In  Fig.  31  are  made  of  chilled 
Iron  castings,  and  are  kept  cool  by  water  jackets,  insuring  even  tem- 
perature and  minimum  wear.  They  are  operated  from  the  main-shaft 
of  the  rolls.  The  movements  of  the  machine  are  timed  so  as  to  allow 
ment  as  shown,  adjustable  for  securing  variations  in  the  feeding  time 
of  the  rolls.  The  movements  of  the  machine  are  timed  so  as  to  allow 
the  gripping  dies  to  remain  open  a  comparatively  large  part  of  the 
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revolution,  thereby  allowing  more  time  for  the  stock  to  be  fed  In  and 
gaged,  and  tin-  dies  to  be  well  flooded  and  cooled  at  the  completion  of 
each  stroke. 

Examples  of  Continuous- motion  Bolt  and  Rivet  Work 
Inasmuch  as  only  one  blow  can  be  struck  in  a  continuous-motion 
bolt  and  rivet  making  machine,  it  Is  impossible  to  produce  parts 
which  cannot  be  completed  In  one  blow.  Fig.  33  shows  a  representa- 
tive group  of  bolts  end  rivets  for  which  the  continuous-motion  ma> 
i-blnes   are   especially    adapted.      These   machines   will    hIso   handle    m 
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great  variety  of  special  work,  such  as  square  and  hexagon  head 
single-blow  bolts,  track  bolts,  etc.  The  cone-shaped  rivets  A  and  B 
illustrate  the  point  mentioned  in  a  previous  paragraph  regarding  the 
difficulty  encountered  In  producing  work  which  Is  carried  down  far 
into  tbe  heading  tool.  Of  course,  these  are  not  by  any  means  extreme 
examples,  but  they  serve  to  Illustrate  the  polrt. 

Making  Bolt  and  Rivet  Dies 

Dolt  dies  which  are  used  in  a  forging  machine  are  as  a  rule  made 
from  steel  containing  from  0.60  to  0.80  per  cent  carbon,  and  arc  hard- 
ened and  drawn.  The  gripping  dies  are  tempered  hard,  so  that  the 
sharp  corners  on  the  edges  of  the  dies  will  not  wear  away  rapidly. 
It  la  customary  to  harden  these  dies  in  either  oil  or  water,  and  then 
draw  the  temper  so  that  a  (lie  will  just  take  hold.  The  heading  tool, 
which  is  comparatively  small  in  diameter,  and  is  called  upon  to  per- 
form heavy  duty,  must  be  much  tougher  than  the  gripping  dies.  Or- 
dinarily the  heading  tool  Is  made  from  a  tough  steel  containing  from 
0.40  to  0,50  per  cent  carbon,  and  is  drawn  considerably  more  than  the 
gripping  dies. 

In  making  the  Impressions  in  the  gripping  dies  for  heading  ordi- 
nary sizes  of  bolts,  no  allowance  is  made  for  the  shrinkage  of  the 
metal.  However,  in  drilling  the  hole  in  the  dies  which  grip  the  stock 
when  it  Is  being  headed,  a  liner  is  placed  between  the  two  halves  of 
the  die,  so  that  when  they  come  together  on  the  stock,  the  latter  will 
be  securely  held.  For  dies  with  a  ',-  to  %-tach  hole,  a  liner  1/64  Inch 
thick  is  placed  between  the  opposing  faces,  when  drilling  the  hole. 
For  holes  larger  than  %  inch  and  up  to  1  inch,  a  liner  1/32  Inch 
thick  is  used:  for  holes  from  1  inch  up  to  1V>  inch  In  diameter,  a 
liner  3/64  Inch  thick  is  used;  and  from  l'/j  inch  up  to  and  including 
3  inches  in  diameter,  a  liner  1/16  inch  is  employed.  The  double- 
deck  type  of  dies  are  made  from  sin  blocks  of  steel  bolted  and  keyed 
together  to  facilitate  machining. 

In  making  bolt  and  rivet  dies  which  are  used  in  continuous-motion 
iriii' hiiji -.  It  is  customary  when  making  rivets  from  %  to  1  Inch  lc 
diameter,  to  use  bar  stock  which  Is  rolled  1/64  inch  under-slze.  The 
dies  referred  to  are  shown  In  Figs.  25  and  27.  The  holes  In  the 
gripping  dies  are  drilled  to  exact  size  (not  1/64  inch  under-size,  which 
is  the  diameter  of  stock  used),  and  the  expansion  of  the  Iron  in 
heating  gives  sufficient  grip,  as  It  Is  only  necessary  to  prevent  the 
rivets  from  being  pulled  out  of  the  dies  by  the  return  stroke  of  the 
beading  tool.  The  reason  for  this  Is  that  In  the  continuous-motion 
t j  in-  <•[  bolt  and  rivet  machine,  the  work  is  supported  on  the  sides 
bj  tbe  gripping  dies,  and  Is  backed  up  by  tbe  shear,  so  that  it  is  prac- 
tically held  In  a  boi  while  the  head  is  being  formed.  Tbe  same  grade 
of  steel  Is  used  for  making  rivet  tools  as  If  i.ools  for  produc- 

ing bolts,    and    the    beat-treatment   Is   oli  '■»    a   similar 

manner. 


.w 
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Stock  Required  for  Rivet  Heads 

In  making  rivets  in  a  continuous-motion  rivet  machine,  the  amount 
of  excess  stock  (X,  Table  II)  required  is  generally  obtained  by  trial, 
but  when  definite  shapes  and  proportions  of  rivet  heads  have  been 
decided  upon,  the  amount  of  excess  stock  required  can  be  calculated 
approximately.  The  great  difficulty  in  giving  tables  covering  the 
amount  of  excess  stock  required  is  that  no  standard  for  rivet  heads  is 
universally  followed,  with  the  result  that  a  slight  difference  in  the 
curve  or  height  of  the  head  changes  the  amount  of  stock  necessary. 
In  addition  to  this,  the  scale  of  the  furnace,  depending  upon  whether 
gas,  oil  or  coal  is  used  for  heating,  so  changes  the  amount  of  stock 
required  that  a  special  setting  of  the  stop  in  different  cases  is  required. 
This  is  one  of  the  reasons  why  up-to-date  continuous-motion  rivet 
making  machines  are  provided  with  stops  which  can  be  adjusted 
while  the  machine  is  in  motion.  It  is  evident,  therefore,  that  the 
exact  amount  of  stock  required  is  a  question  of  some  nicety,  and  it  is 
surprising  to  what  extent  even  the  scaling  off  in  the  furnace  will 
affect  the  stock  required  for  the  rivet  head.  What  are  considered  in 
some  shops  standard  shapes  and  sizes  for  rivet  heads  are  given  in 
Table  II. 


CHAPTER    III 


NUT    FORGING  MACHINES 

The  plain  type  nf  upsetting  nnd  forging  machine  which  Is  used  to  a 

certain   extent   In   the   manufacture  of  bolts  and   rivets,  especially   the 

larger    sizes,    is    also    used    for    producing    the    ordinary    square    and 

Btt   Id  sizes  from   2  Inches  up.     la  making  nuts  by  this 

prOCSM,   the   diameter  of  the  round   bar  from   which   the  nut  Is  mad? 

should  not  exceed  the  root  diameter  of  the  thread  in  the  finished  nut. 

ao  II   la  evUtant  that  an  extremely  large  upset  Is  required  t<>  produce)  I 

full  nut     When  large  nuts  are  produced  in  a  plain   forging  machine. 

the  usual   method  is  Bret  to  form  an  upset  on  the  end  of  the  bar  and 

T lie  hole  in  the  nut  by  punching  the  bar  back,  ih     BeM] 

removed  to   form  the  hole  in  the  nut  being  attached  to  the  bar.     This 

operation  requires  considerable  pressure,  and  as  little,  if  any,  materia) 

It  !■  S  very  successful  method  of  producing  nuts  2  inches 

and   larger   on   a   commercial   basis.      In   tbe   following,    two   types   of 

EpechUly  built  to   produce  square  and   hexagon   nuts,   will 

■  1.      One   of   these   machines    Is   known    as   the   hot-pressed 

nr    machine,   and   the   other  as   the   hot-forged    type;    the 

latter  Is   applicable  only  to  the  production  or  square  nuts. 

Hot-pressed  Center-teed  Nut  Machine 

nter-feed  not  machine,  u  its  name  implies,  pro- 
by  pressing  a  heated  blank  of  iron  or  steel  Into  the  re- 
quired shape,  the  latter  first   being  cut  off  as  the  bar  Is  fed  into  the 
machine      The  bar  stock,  which  Is  rectangular  fn   shape,  is   fed  In 
from    the   fide  through  a  recess  in  the  center  of  tbe  machine  and 
placed  in  front  of  tlie  face  of  the  dies.     Fig,  34  shows  one  type  ,-.r 
hit-pressed  nut  machine  that  works  on  the  principle  just 
Ine  consists  essentially  of  two   movable   rams  or 
•tides    which    carry    the    cttlng-off.    crowning,    piercing    and    wad- 
extiwttDe  punches,  reapecttohr.     One  ram  Is  operated  directly  from 
rrankrtmft,  while  the  other  Is  operated  by  eccentrics  aud  a 
ting-rod. 

-<  ■  ietntl  Tin  nl  CM,  machine,  and  „„,  „„,.  ,,,,.,  „. 

,,„„„:..„• 

« "~  1 >>■  0  »><•  Dlerd,,  „„«,.  o  ,,. 

the  nut  die,.  a,„l  ,■  , ,,,.„,,,     T||, 

ol    water   to    keep    it,,-.   ,],...    „, 

I "      <  l!  ''"'  Mr  centering  the  b»r  In  rel 

bovnat/r.  ' '"", 

nl    tnac 
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34  is  shown  In  Fig.  32.  In  this  machine,  however,  both  rama  or  slides 
are  operated  directly  from  the  source  of  power  by  a  pinion  and  two 
large  gears,  one  gear  driving  each  elide.  The  majority  of  manu- 
facturers produce  nuts  from  a  material  known  as  soft,  mild,  open- 
hearth  steel,  which  has  a  comparatively  fine  grain,  and  consequently, 
when  forged,  bas  less  tendency  to  crack  than  does  wrought  iron.  It 
can  also  be  threaded  much  easier  and  with  a  smoother  finish  than 
wrought  Iron,  owing  to  the  fact  that  great  difficulty  is  met  with  In 


working  the  latter  material,  because  the  grain  opens  up,  thus  mak- 
ing (t  difficult  to  thread.  Wrought  Iron,  however,  has  one  point  In  its 
favor — it  can  be  worked  at  a  much  higher  temperature  than  steel 
without  affecting  Its  structure,  and  hence  does  not  need  to  be  handled 
quite  so  carefully. 

Operation  of  a.  Center-feed  Hot-pressed  Nut  Machine 

In  operating  a  center-feed  hotpressed  nut  machine,  the  reetangulur 
bar  Is  heated  to  the  correct  temperature  for  a  length  of  four  or  five 
feet    It  Is  then  brought  to  the  machine  and  fed  in  from  the  side  in 
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front  of  the  race  of  the  main  dies,  as  indicated  at  A  in  Fig.  36.  The 
cut-off  tool  c  then  moves  up  and  shears  the  hlank  from  the  end  of  the 
bar,  carries  it  into  the  main  dies  a  and  b,  and  presses  It  against  the 
crowning  tool  S,  which,  has  also  advanced,  as  indicated  at  B.  The 
piercing  tool  /  now  advances,  punches  the  hole  in  the  nut,  and  carries 
the  wad  into  the  cuttlng-off  tool,  as  shown  at  C;  then  the  cutting-off 
anil  piercing  tools  c  and  /  recede,  and  the  crowning  tool  e.  advances, 
forcing  the  nut  out  of  the  dies.  An  the  cut-off  tool  c  recedes,  the 
extractor  d  forces  the  wad  out  of  the  punch  at  the  same  time  as  the 
nut  Is  ejected  from  the  dies.  The  ejector,  which  is  operated  hy  a 
lever  and  cam,  as  shown  in  Fig.  32,  Is  provided  to  prevent  the  nut 
from  adhering  to  the  crowning  tool;  this  very  seldom  happens,  how- 
ever.    A  completed   nut  is   produced  at  each   revolution   of   the   large 

The  operations  just  described  are  repeated  until  the  heated  portion 
of  the  bar  has  been  used  up,  after  which  the  operator  places  the  bar 
in  the  furnace  to  be  re-heated,  takes  a  freshly  heated  bar  from  the 
furnace,  and  proceeds  as  before.     The  machine  is  run  continuously. 


and  is  not  stopped  for  the  insertion  of  a  newly  heated  bar.  Finished 
nuts  are  turned  out  at  the  rate  of  from  40  to  70  per  minute,  depending 
upon  the  size  of  the  machine  and  the  skill  of  the  operator.  Fig.  37 
shows  how  a  hexagon  nut  is  produced  from  a  rectangular  bar  of 
stock  In  a  center-feed  hot-pressed  nut  machine.  It  will  be  seen  that 
considerable  scrap  is  lost  in  the  production  of  a  nut  of  hexagon  shape, 
viz.,  the  wad  removed  to  form  the  hole,  and  the  triangular  pieces 
which  are  removed  to  form  the  corners.  On  a  square  nut  the  material 
wasted  is  not  quite  so  great,  as  in  this  case  only  the  wad  and  a  slight 
amount  of  stock,  sheared  off  the  end  of  the  bar  to  form  a  square 
corner,  are  removed. 

There  are  two  common  methods  in  use  in  nut  forging.  One  is  to 
set  the  stop  so  that  the  rounded  corner  of  the  bar  Is  sheared  off,  leav- 
ing a  square  corner.  This,  of  course,  wastes  somewhat  more  stock 
than  the  other  method,  yet  to  be  described,  but  has  the  advantage  of 
producing  a  perfect  nut.  The  rounded  corner  is  caused  by  the  cut-off 
tool  which,  in  removing  the  block  of  metal  from  the  end  of  the  bl.* 
to  form  the  nut,  rounds  over  the  end  of  the  bar,  due  to  the  hot  metal 
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■  stock  j*  in  1  a 


drawing  over,  and  thus  makes  this  waste  of  stock  necessary  If  a  full' 
shaped  nut  Is  to  be  secured. 

Another  method  in  common  ut 
produce  a  practically  full  nut,  is  to  Invert  the  bar  after  each  stroke 
of  the  machine.  By  this  method  opposite  sides  of  the  bar  are  a 
initHy  presented  to  the  dies,  which  overcomes,  to  a  large  extent, 
effect  of  the  fin  on  one  side  and  the  rounded  corner  ou  the  other,  and 
produces  a  full  nut  without  shearing  any  material  from  the  end  o[ 
rhe  bar.  The  only  objection  to  this  method  is  the  necessity  of  t 
ing  the  bar,  which,  If  heavy,  soon  tirea  the  operator.  On  the  larger 
sizes   ot  nuts,   the   first   method   is  used,   as  the  bars  are  quite   heavy 


and  the  operator  would  find  it  difficult  to  turn  them  and  Jteflp  up  wldi 
the  operation  of  the  machine. 

Fig,  38  shows  a  typical  group  of  nuts  which  can  he  produced  eco- 
nomically and  on  u  commercial  basis  in  the  center-feed  hot-pressed  nut 
machine.  In  this  illustration  two  of  the  nuts  show  fins  oa  the  under 
side,  both  around  the  outer  edges  and  the  hole.  This  1b  caused  hy 
the  sharp  edges  of  the  cut-off  tool  becoming  rounded  and  allowing  the 
hot  metal  to  "leak"  past  the  edges.  The  clearance  allowed  between 
the  cut-off  punch  and  dies  also  tends  to  produce  a  slight  fin.  When 
the  tools  are  new  the  burr  or  fin  produced  Is  very  slight,  but  It  iu- 
creases  as  the  toots  wear.  These  fins  are  removed  in  a  succeeding 
operation  in  a  burring  machine. 

Hot-forg-ed  Nut  Machine 

Fig.  39  shows  a  type  of  nut  making  machine  which  Is  only  applicable 

to   the   manufacture   <:t  square  nuts,   but  produces   this   class   of   nuts 

free   from   fins  and   burrs   at   a   rapid   rate.      Nut   manufacturers   a 


produce  in  great  quantities  a™  extensive  users  of  this  type  of  ma- 
chine, but  a  concern  making  a  variety  of  nuts  in  small  quantities 
should  not  attempt  to  use  it,  owing  to  the  delay  incident  to  changing 
the  dies  and  tools  from  one  size  to  another.  Briefly  stated,  the  ma- 
chine consists  principally  of  a  suitable  mechanism  for  operating  a 
shearing  and  crowning  tool,  four  horizontal  hammers  which  form  the 
four  sides  of  a  square  nut,  and  piercing  and  flattening  punches. 
Power  iii  transmitted  from  pulley  A  to  the  two  shafts  B  and  C  located 
at  right  auglcs  to  each  other  and  connected  by  miter  gears.  Shaft  O 
carries  eccentrics  and  cams  which  operate  the  left-side  hammer  and 
sizing  tool  for  gripping  the  bar  while  It  is  being  sheared;  and  shaft 
B,  through  cams,  levers  and  eccentrics,  operates  the  blank  shearing 
tool,  nut  ejector,  front  and  rear  hammers,  piercing  punch  and  flat- 
tening tools. 
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Operation  of  Hot-forg*d  Nut  Machine 
In  order  to  illustrate  how  this  hot-forged  nut  machine  produces  square  nuts, 
the  diagrams  shown  in  Fig.  40  are  Included.  These  views  show  plan  and  see- 
tional  elevations  which  illustrate  the  relative  positions  of  the  various  dies  and 
tools,  and  the  stages  through  which  the  nut  passes  before  being  ejected.  In 
operating  this  machine,  rectangular  bar  stock  heated  to  a  length  of  four  or  five 
feet  is  fed  Into  the  machine  (see  D.  Fig.  39)  along  the  line  Cli.  The  stock  Is 
equal  In  width  to  the  diameter  of  the  nut  across  the  flats,  and  of  the  snmi' 
thickness  as  the  nut  It  is  fed  into  the  machine  with  the  greatest  width  hori- 
zontal and  is  located  by  the  gage  G. 

As  the  heated  bar  is  fed  in,  a  shearing  tool  H.  operated  from  the  bottom  of 
the  machine,  forces  the  heated  end  of  the  bar  against  the  knife  K  and  cuts  off 


a  suitable  blank;  as  this  tool  continues  to  rise,  It  presses  the  nut  blank 
into  the  crowner  flip  M,  which  is  located  directly  above  tlie  shearing 
tool.  While  the  shearing  operation  la  taking  place,  the  sizing  tool  /, 
which  moves  In  a  line  parallel  with  the  side  hammer  J,  holds  the  bar 
tightly  against  the  stationary  sizer  K. 

Gripping  the  bar  in  this  manner  tends  to  give  a  better  shearing  cut. 
The  shearing  tool  H  Is  now  lowered  until  its  top  face  is  la  line  with 
the  bottom  of  the  side  hammer  J,  and  at  the  same  time  the  kkkout  V, 
operated  through  a  hole  In  the  crowner  Jtf,  ejects  the  nut,  preventing 
it  from  sticking  in  the  cup.  The  shearing  tool  now  remains  In  its 
"down"  position  while  the  aide  hammer  J  carries  the  nut  along  line 


a   a  a 


III,  i 


Sunplei  of  Si". 


Nnti  produced  a 


end  Type  of 


AB  until  the  center  of  the  nut  is  in  line  with  EF  and  directly  under 
the  piercing  punch  O. 

As  the  side  hammer  J  moves  the  nut  blank  uader  the  piercing 
puneh,  the  rear  hammer  P  advances  and  presses  the  nut  into  the 
square  bos  formed  by  the  side  hammer  J,  rear  hammer  P,  stationary 
hammer  H  and  front  hammer  Q.  This  tends  to  square  up  the  sides 
of  the  nut  and  form  It  to  the  proper  shape.  While  in  this  position. 
the  punch  0  pierces  the  hole  In  the  nut,  forcing  the  wad  through  the 
die  P,  and  immediately  withdraws.  The  rear  hammer  P  and  side 
hammer  /  then  return  to  their  original  positions,  and  the  front  ham- 
mer 0  moves  the  nut  back  to  the  flatter  bed  T,  which  is  located  di- 
rectly uuder  the  rear  hammer  P.  While  the  nut  Is  located  on  the 
flatter  bed,  the  flattening  tool  U,  which  is  over  the  rear  hammer, 
eomes  down  onto  the  nut,  gives  it  a  slight  squeeze,  which  corrects  any 
distortion  ol  the  top  and  bottom  faces  caused  by  the  squeezes  between 
the  four  hammers  previously  described,  and  also  serves  to  flatten  any 
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fins  resulting  from  the  piercing  operation.  The  flattening  tool  U 
then  rises,  and  the  flatter  bed  T  withdraws,  allowing  the  finished 
t  to  drop  out  of  the  machine.  A  completed  nut  is  made  at  each 
revolution  of  the  flywheel,  and  the  machine  Is  operated  at  from  60  to 
90   revolutions  per  minute,  depending  upon   its  slse. 

Some  .idea  of  the  character  of  the  work  turned  out  by  the  hot- 
forged  nut  machine  can  be  obtained  from  Fig.  41,  which  shows  a 
representative  group  of  square  nuts  just  as  they  come  from  the  ma- 
chine. The  nuts  produced  by  these  machines  are  entirely  tree  from 
fins  or  burrs,  are  of  excellent  finish,  and  are  ready  for  tapping  di- 
rectly after  being  forged. 

Dies  and  Tools  Used  In  Hot-jireL'-ud  C filter- 1 msd  Nut  Machines 

The  type  of  dies  aud  tools  used  in   tiie  hot-pressed  center-feed   nut 

machiue  shown  in  Fig.  32  is  shown  in  Fig.  42.    The  reference  letters 


used  here  are  the  same  as  those  in  Fig.  36.  The  dies  a  and  o,  which 
are  reversible,  are  usually  made  from  chilled  iron  casliugs,  and  are 
ground  to  size.  C i ms  made  from  this  material,  it  is  claimed,  will  last 
fully  eight  times  as  long  as  those  made  from  ordinary  carbon  steel, 
but  as  it  is  somewhat  of  a  problem  to  get  theproperamount  of  "chill," 
many  manufacturers  are  using  a  good  grade  of  open-hearth  steel  in- 
stead. A  crucible  steel  which  has  been  found  to  give  good  results 
for  this  class  of  work  contains  from  0.S0  to  1.10  per  cent  carbon, 
fime  nut  manufacturers  have  found  that  a  certain  grade  of  vanadium 
alloy  ateel  having  a  carbon  content  of  from   Ola    to   0.30  per  cent 
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gives  excellent  results  when  used  for  nut  dies.  In  all  cases, 
of  course,  it  is  necessary  to  harden  the  dies,  and  those  made  from 
crucible  tool  steel  are  hardened  and  drawn  so  that  they  can  just  be 
touched  with  the  file,  or  in  other  words,  the  temper  is  drawn  to  a 
light  straw  color. 

The  composition  of  vanadium  steel  used  for  dies  varies.  Two  grades 
of  vanadium  tool  steel  are  recommended  for  forging  machine  dies  by 
the  American  Vanadium  Co.,  of  Pittsburg,  Pa.  One  is  composed  of 
carbon,  0.50  per  cent;  chromium,  0.80  to  1.10  per  cent;  manganese, 
0.40  to  0.60  per  cent;  vanadium,  not  less  than  0.16  per  cent;  silicon,  not 
more  than  0.20  per  cent 

The  heat-treatment  recommended  for  this  steel  is  as  follows:  Heat 
to  1550  degrees  F.  and  quench  in  oil;  then  reheat  to  from  1425  to  1450 
degrees  F.,  and  quench  in  water,  submerging  the  face  of  the  die  only. 


Fig.  43.     Type  of  Dies  used  in  making:  Square  Nuts  in  Machine  of  the 

Type  shown  in  Fig.  82 

When  this  method  is  used,  the  die  is  drawn  by  the  heat  remaining  In 
the  body  and  is  thus  tempered,  and  the  life  of  the  die  increased. 

The  second  kind  of  vanadium  tool  steel  recommended  has  the  follow- 
ing analysis:  Carbon,  0.65  to  0.75  per  cent;  manganese,  0.40  to  0.60 
per  cent;  vanadium,  not  less  than  0.16  per  cent;  silicon,  not  more  than 
0.20  per  cent  The  heat-treatment  for  this  steel  should  be  as  follows: 
Heat  to  1525  degrees  F.  and  quench  in  water  with  the  face  of  the  die 
only  submerged. 

The  length  of  life  of  vanadium  steel  dies  is  stated  to  be  about  six 
times  the  life  of  dies  made  from  ordinary  high-carbon  tool  steel. 

The  cut-off  tool  c  is  generally  made  from  ordinary  carbon  tool  steel, 
hardened  and  drawn.  Some  attempts  have  been  made  to  use  high- 
speed steel  for  this  tool,  but  as  this  material  is  rather  expensive,  and 
as  this  particular  tool  wears  away  very  rapidly,  a  cheaper  brand  of 
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steel  is  generally  adopted.  The  piercing  tool  /  when  made  from  "Rex 
A"  high-speed  steel  has  been  found  very  satisfactory  for  hot  punch- 
ing. The  crowning  tool  e  and  wad  extractor  d  can  be  made  from 
ordinary  carbon  tool  steel,  hardened  and  drawn. 

In  order  that  the  tools  in  a  center-feed  hot-pressed  nut  machine 
may  work  freely,  it  is  necessary  to  provide  a  certain  amount  of 
clearance,  especially  between  the  cut-off  tool,  crowning  tool  and  dies. 
On  nuts  from  %  to  2  inches  in  diameter  (this  is  the  size  of  the  bolt 
for  which  the  nut  is  used),  1/64  inch  clearance  is  allowed.  On  sizes 
smaller  than  %  inch,  0.010  inch  clearance  is  allowed,  whereas  for 
tools  used  in  making  nuts  larger  than  2  inches,  a  clearance  of  from 
0.020  to  0.060  inch  is  provided.  The  hole  formed  by  the  junction 
of  the  two  halves  of  the  dies  is  made  prefectly  straight,  but  the 
piercing  tool  is  slightly  tapered — being  smaller  at  the  front  end. 
This  enables  it  to  withdraw  more  easily  from  the  hole  in  the  nut, 
and  also  increases  its  life.  It  is  evident,  of  course,  that  after  the 
hole  is  punched  in  the  nut,  the  chilling  effect  of  the  dies  (which 
are  kept  cool  by  water  flowing  over  them)  tends  to  "freeze"  the 
nut  onto  the  piercing  tool,  but  the  slight  taper  on  the  piercing  tool 
prevents  this. 

There  is  no  allowance  made  in  the  hole  of  the  nut  to  provide  for 
shrinkage,  as  the  holes  regularly  punched  in  nuts  are  made  consider- 
ably larger  than  the  root  diameter  of  the  threads  on  the  tap.  The 
nuts  can  then  be  more  easily  tapped,  and  the  percentage  of  tap  break- 
ages is  reduced. 

In  Fig.  43  Is  shown  the  shape  of  the  dies  used  for  making  square 
nuts  in  a  center-feed  hot-pressed  nut  machine.  It  will  be  seen  that 
these  dies  are  made  in  four  pieces,  and  it  is  possible  to  raise  or  lower 
the  outside  blocks  A  and  B,  so  that  new  cutting  edges  are  secured. 
In  addition  to  this  the  top  and  bottom  dies  C  and  D  can  be  reserved, 
and  also  the  two  side  pieces,  thus  giving  long  life  for  one  redressing 
of  the  dies.  As  a  rule,  this  type  of  dies  is  made  from  ordinary  crucible 
tool  steel  containing  from  0.90  to  1.00  per  cent  carbon,  hardened  and 
drawn,  and  ground  all  over. 

Dies  and  Tools  Used  in  Hot-forgred  Nut  Machines 

The  four  hammers  used  in  the  hot-forged  nut  machines  are  made 
from  rectangular  blocks  of  steel,  shaped  as  shown  in  Fig.  40.  The 
rear,  front  and  stationary  hammers  are  made  wider  than  the  nut, 
but  of  approximately  the  same  thickness,  and  the  front  and  rear 
hammers  are  rounded  on  the  forward  corners,  to  facilitate  the  in- 
sertion of  the  nut  The  side  hammer,  which  carries  the  nut  into 
the  "box-shaped  impression"  formed  by  all  four  hammers,  is  of  the 
same  width  and  thickness  as  the  nut.  The  crowner,  flatter  tool  and 
the  four  hammer  blocks  are  all  made  from  ordinary  crucible 
steel,  hardened  and  drawn,  whereas  the  shearing  tool  and  piercing 
punch  and  die  are  usually  made  from  high-speed  steel.  The  brand 
of  steel  known  as  "Rex  A"  has  been  found  very  satisfactory  for  this 


NO.    113— BOLT,    NUT    AND    RIVET    FORGING 


II 


S3SES3MXMEtS<* 


^S;:^-:":':;;*- 


NUT   FORGING   MACHINES 


43 


purpose.  The  tools  used  in  the  hot-forged  nut  machine  do  not  wear 
out  nearly  so  quickly  as  those  used  in  the  hot-pressed  type  of  ma- 
chine, owing  to  the  fact  that  there  is  not  the  same  scraping  action 
against  the  surfaces  of  the  tools. 

Sizes  of  Rectangular  Stock  Used  in  M^n^g  Square  and  Hexagon  Nuts 

In  making  nuts  in  center-feed  hot-pressed  nut  machines  of  the 
types  shown  in  Pigs.  34  and  35,  rectangular  bar  stock  as  shown  in 
Fig.  37  is  used.  To  allow  for  upsetting  the  stock  slightly  and  press- 
ing, it  into  the  desired  shape,  a  rectangular  bar  is  used  which  is 
slightly  thicker  than  the  finished  nut,  and  slightly  less  in  width  than 
the  diameter  of  the  nut  across  the  flats.  As  explained  in  a  previous 
paragraph,  in  order  to  produce  a  perfectly  shaped  nut  it  is  necessary 
to  waste  a  certain  amount  of  stock  as  indicated  at  a  and  b  in  Fig.  44. 
The  amount  of  stock  wasted  depends  upon  the  size  of  the  nut  and  to  a 
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Fig.  44.     Proportions  of  Standard  Hexagon  and  Square  Nuts; 
see  Table  on  Opposite  Page 

slight  extent  upon  the  temperature  at  which  the  bar  is  being  worked. 

In  producing  a  hexagon  nut,  only  the  front  triangular  corner  is 
rounded  (owing  to  the  drawing  over  of  the  hot  metal),  whereas  on 
a  square  nut,  the  entire  front  corner  of  the  nut  is  rounded.  A  con- 
siderable saving  of  metal  can  be  effected  by  turning  the  bar  after 
each  stroke  of  the  machine,  thus  presenting  opposite  faces  of  the 
bar  to  the  dies,  as  was  previously  explained.  This  can  easily  be 
done  in  making  the  smaller  size  of  nuts  where  the  bar  does  not 
exceed  40  to  80  pounds  in  weight.  For  large  nuts,  instead  of  turn- 
ing the  bar,  a  small  amount  of  stock  is  wasted,  as  indicated  at  a  and 
b  in  Fig.  44,  which  varies  from  1/16  to  H  inch,  depending  upon  the 
size  of  the  nut. 

The  hot-forged  type  of  nut-making  machine  shown  in  Fig.  39  has 
the  advantage  over  the  center-feed  hot-pressed  machine  of  not  wasting 
any  stock.  The  hot-forged  nut  machine,  however,  is  only  suitable  for 
the  manufacture  of  square  nuts,  and  is  only  used  where  this  type  of 
nut  is  made  in  large  quantities. 
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MACHINE  FORGING  DIES  AND  METHODS 


7  the  greatest  advance  made  of  late  years  In  forging  is  the 
application  of  machine  methods  to  the  production  of  engine  and  ma- 
chine parts.  It  1b  now  possible  to  forge  many  parts  from  steel  and 
wrought  iron,  which  a  few  years  ago  could  only  be  made  from  castings. 
This  means  a  great  saving  of  time  and  expense,  as  not  only  are  ma- 
chine forged  parts  much  more  rapidly  made  than  those  made  from  cast 
iron  or  steel  castings,  but  they  also  cost  considerably  less  to  manufac- 
ture in  large  quantities.  In  the  following.  Interesting  examples  of  dif- 
ferent types  of  upsets,  bending  and  forming  operations,  etc.,  will  be  il- 
lustrated and  described,  together  with  a  general  description  of  the  dies 
and  tools  used.  This  will  give  an  idea  of  the  remarkable  possibilities 
of  the  upsetting  and  forging  machine  In  its  present-day  development. 

The  Upsetting1  and  Poi-glns  Machine 

The  upsetting  and  forging  machine  might  be  considered  to  a  certain 
extent  as  a  further  development  of  the  bolt  and  rivet  making  machine, 
which  was  originated  almost  a  century  ago;  but  forging  machines  are 
built  much  heavier  than  bolt  and  rivet  machines  and  are  designed 
especially  to  meet  the  demands  in  the  production  of  difficult-shaped  and 
heavy  forgings.  For  the  heavier  types  of  machines,  the  base  or  main 
frame,  as  a  rule,  is  made  from  one  solid  steel  casting. 

A  typical  upsetting  and  forging  machine  designed  for  heavy  service 
is  shown  in  Fig.  1.  The  bed  of  this  machine  is  made  from  one  solid 
casting  of  semi-steel.  In  order  to  provide  against  breakage  caused  b 
accidentally  placing  work  between  the  dies,  upsetting  and  forging  m; 
chines  are  usually  furnished  with  various  safety  devices  to  prevent 
serious  damage  to  the  machine.  The  safety  device  in  this  machine 
consists  of  a  toggle-joint  mechanism  for  operating  the  movable  grip- 
ping-die elide.  The  gripping  die  slide  A,  Fig.  1,  is  operated  by  two 
cams  B  and  C  on  the  main  crankshaft  D.  Cam  B  serves  to  close  the 
dies  which  grip  the  work;  cam  C  operates  the  opening  mechanism  for 
the  dies.  These  cams  are  in  contact  with  chilled  cast-Iron  rolls  E  and 
F  carried  In  the  toggle  slide  (1.  The  automatic  grip  relief  Is  controlled 
by  the  by-pass  toggle  H  and  heavy  coll  spring  7.  This  toggle  does  not 
come  into  play  until  the  strain  la  such  that  it  would  cause  damage  to 
the  working  mechanism  of  the  machine,  or  in  other  words  until  tlif; 
maximum  power  required  to  hold  the  movable  die  from  sp' 
is  attained.  The  relief  resets  automatically  on  the  1« 
machine,  thus  making  a  second  blow  possible  with 
ne  idea  of  the  gripping  pressure  exerted  b*- 
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anism  operates  Is  Indicated  in  Fig.  2.  This  piece,  which  has  been  flat- 
tened between  the  opposing  faces  of  the  gripping  dies.  Is  a  2-lnch  round 
bar  of  0.10  to  0.15  per  cent  carbon  steel,  9%  inches  long.  The  Battened 
portion  la  3<&  inches  wide  by  5  inches  long  and  23/32  inch  thick. 
The  piece,   of   course,   was   heated   to  a   forging  temperature   before 
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being  placed  between  the  opposing  faces  of  the  dies  and  was  flat- 
tened to  the  condition  shown  in  one  squeeze.  This  illustrates 
a  feature  peculiar  to  this  type  of  machine  in  that  it  can  be  used 
for  squeezing  or  swaging  operations,  these  being  carried  on  between 
the  opposing  faces  of  the  gripping  dies.  In  many  cases  this  allows 
work  to  be  handled  that  Is  generally  formed  or  flattened  by  the  side 
shear  J,  which  is  operated  from  the  movable  die  slide,  being  a  con- 
tinued arm  of  the  same  casting.  As  a  rule,  the  side  shear  is  used  for 
cutting  off  stock,  and  is  also  sometimes  used  for  bending  operations, 
suitable  dies  or  cutting  tools  for  this  purpose  being  held  In  the  movable 
slide  J  and  stationary  bracket  K. 

Another  type  of  upsetting  and  forging  machine  In  which  the  working 
mechanism  of  the  machine  is  protected  from  serious  injury  In  a  differ 
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i  In  Fig.  3.  In  this  machine  the  safety  device 
consists  of  a  bolt  A  connecting  the  die  slide  B  and  the  slide  C  operat- 
ing it-  When  any  foreign  body  Intercepts  the  gripping  dies,  the  bolt  A 
is  sheared  off,  thus  providing  for  a  positive  grip  and  at  the  same  time 
furnishing  a  safety  device 
that  protects  the  working 
mechanism  of  the  machine 
against  serious  Injury. 

A  good  example  of  an 
Upset  forging  operation 
Which  can  be  handled  suc- 
cessfully in  an  upsetting 
and  forging  machine,  la 
the  castellated  nut  shown 
at  A  In  Fig.  4.  This  type 
of  nut  Is  produced  prac- 
"n«tDiTiIior  ''N.B>"ni"'BF"^?        tically    without    waste    of 

K»cMne  \e(CTO   Relict    openteJ  Stock       in       from       tWO       tO 

hree  blows.  The  gripping  dies  and  tools  used  are  shown  in  Fig.  4, 
nd  also  in  detail  in  Fig.  5,  where  the  construction  of  the  tools  can  he 
nore  clearly  seen.  Referring  to  the  latter  illustration,  it  will  be  no- 
iced  that  the  dies  C  and  D  are  made  In  two  pieces.     This  is  done 
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axle  steel  which  contains  about  0,60  per  cent  carbon,  and  are  hardened 
In  the  usual  manner,  the  temper  being  drawn  to  a  light  straw  color. 
The  plunger  E  which  upsets  the  end  of  the  bar  Into  the  lower  Impres- 
sion In  the  dies,  la  made  In  three  parts;  this  facilitates  Its  construction 
and  the  method  of  manufacture.  The  body  is  made  from  &  piece  of  soft 
machine  steel,  on  the  front  end  of  which  a  hardened  bushing  F  Is 
held  by  a  pin.  The  inside  of  this  bushing  is  of  a  hexagon  shape  to 
form  the  sides  of  the  nut  Screwed  into  the  body  of  the  punch  is  a 
former  G  which  is  machined  to  such  shape  that  six  "wings,"  as  shown, 
are  formed  around  its  periphery,  these  producing  the  castellated  grooves 
in  the  head  of  the  nut.  The  former  G  is  pointed,  and  rough-forms  the 
hole  In  the  nut  The  top  punch  which  is  used  for  completely  punching 
the  hole  In  the  nut  and  at  the  same  time  severing  it  from  the  bar  is 
ulso  made  from  a  machine  steel  body  H  into  which  Is  screwed  a  hard- 
ened steel  punch  1,  this  being  prevented  from  loosening  by  a  pin 
driven  through  it 


^f#J 

The  method  of  producing  a  hexagon  castellated  nut  in  a  forging  -ma- 
chine is  as  follows:  A  bar  of  the  required  size  (which  must  not  exceed 
the  root  diameter  of  the  thread  In  the  finished  nut)  is  heated  in  the 
furnace  to  a  temperature  of  from  1400  to  1600  degrees  F.,  depending 
upon  the  material,  and  is  then  brought  to  the  forging  machine  and 
placed  in  the  lower  Impression  of  the  gripping  dies.  Then  as  the 
machine  is  operated,  the  lower  plunger  advances,  upsetting  the  end  of 
the  bar  and  forming  the  excess  metal  into  a  nut  of  the  required  shape. 
The  bar  Is  now  quickly  removed  from  the  lower  impression,  placed  In 
the  upper  impression,  and  the  machine  again  operated;  whereupon  the 
top  plunger  advances,  completing  the  hole  In  the  nut  and  attaching  tbd 
metal  thus  removed  to  the  end  of  the  bar.     These  two  operations  are 
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indicated  at  A  and  R  In  the  Illustration.  This  Interesting  method  of  making 
castellated  nuts  la  need  In  the  Colllnwood  shops  of  the  L.  3  *  M.  S.  Railway. 
The  only  material  wasted  Id  the  production  of  a  castellated  nut  of  this  char- 
acter Is  the  slight  excess  of  stock  formed  into  a  fin,  which  must  be  removed, 
of  course,  In  a  subsequent  operation. 

Another  interesting  example  of  castellated  nut  forging  In  which  the  excess 
metal  is  used  in  the  formation  of  a  washer  on  the  nut  and  thus  eliminates 
all  waste  of  material.  Is  shown  In  Pig.  7.    The  construction  of  the  tools  here 


_JCE3=3 


3         r 


v^3 


ra 


a 


3i- 


w 


illustrated  1b  almost  Identical  with  that  shown  In  Figs.  4  and  S  wtl 
i-eptlou   of  the  punches  and  also  the  utilisation  of  a  cast-iron  W 
partly  completing  the  construction  of  the  gripping  dies.    The  part  < 
ping  dies  which  Is  made  from  oast  Iron  is  not  used  as  a  gripping  I 


nut  by  punching  the  bar  back,  and  by  means  of  the  castellated  washer  J 
finish-forms  the  castellated  grooves  in  the  nut.  The  steps  followed  in 
the  production  of  this  combination  castellated  nut  and  washer  are  shown 
at  .1  and  B  in  the  illustration.  A  2-inch  bar  of  wrought  iron  is  used, 
and  it  requires  a  length  of  4  inches  to  form  the  nut  and  washer. 


Dies  and  Tools  Used  f 
The  locomotive  trailer  pin 
maximum   amount  of   upset  which 


Making-  e 


forging  machine, 
mended. 

ni,iil>--  by   rn;n-hl. 
die  C.  ft 

'.;i!'T     1)111      ' 


Locomotive  Trailer  Pin 
In  Fig.  8  represents  about  the 
be   satisfactorily   made   in    a 


much  greater  than  that  usually  r 
■  supposed  to  be  the  largest  upset  ever 

accomplished  in  the  Chicago  shops  of 
8-inch  Ajax  universal  forging  machine. 
I  a   3-inch    round   wrought-lron   bar,    26 


IS 
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t  of  stock  equal  to  10%  Inches 
ne  blow.  The  dimensions  of  the 
osa  the  fiata  and  10  5/16  Inches  across 
The  circular  flange  is  6%  inches  in 
diameter  by  %  inch  long.  After  the  work  la  given  tbe  first  blow  with 
the  plunger  B.  it  is  reheated  and  the  work  is  again  placed  between  the 
gripping  dies  C,  only  one  of  which  Is  Bhown.  The  machine  Is  again 
operated  and  the  part  given  another  blow  which  serves  to  close  up  the 


Inches  long,  and 
length  Is  put  into  the  upset  In  i 
square  flange  are  1%  inches  aci 
;,  by  1%  inch  thick. 


texture  of  the  steel  and  eliminates  the  defects  caused  by  the  structure 
of  the  steel  pulling  apart  during  the  upsetting  operation.  This  large 
upset  gives  au  Idea  of  some  of  the  possibilities  of  machine  forging  i 
making  engine  parts,  etc. 

Bending  and  Forming  Operations 
The  making  of  ladder  treads  for  freight  ears  Is  a  good  e 
bending  and   forming   operations   that  can   be   handled   successfully   i 
the  upsetting  and  forging  machine.     Fig.  9  shows  three  of  the  tXx 
in  the  production  of  a  ladder  tread  which  is  completed  to  the  e 
shown  at  0  in  five  operations. 

The  dies  and  tools  used  for  forming  the  feet  of  the  ladder  t 
illustrated  in  Fig.  10.    The  first  operation  is  indicated  at  A  and  coi 
in  cutting  off  a  bar  of  %-inch  iron  to  the  required  length. 
beated  on  one  end,  placed  in  the  iower  Impression  in  the  gripping  d 
0  and  H  and  given  a  blow  by  tin1   plunger  I   which  forms  the  e 
the  rod   Into  the  shape  shown   at   B.     in   this  operation,   the  Etc 
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Upset  just  far  enough  bo  that  it  will  not  buckle  in  front  of  the  dies. 

The  second  operation  bends  and  forms  the  stock  back  into  a  solid 
forging  as  Indicated  at  C.  this  being  accomplished  in  the  second  im- 
pression in  the  gripping  dies  by  plunger  J.  The  final  forging  operation, 
the  result  of  which  is  shown  at  D.  completes  the  foot,  the  upper  impres- 
sions in  the  dies  being  used  for  this  purpose;  these  are  made  the  enact 
shape  of  the  foot,  and  the  plunger  K  has  a  pin  in  it  which  punches  the 
bole  in  the  foot  to  within  1/16  inch  of  passing  through  the  9/16-inch 
stock.  The  final  operations  which  are  performed  in  a  bulldozer  or 
other  bending  machine  consist  in  bending  both  ends  of  the  tread  to 
the  required  shape.     This  requires  two  operations,  which  are  indicated 
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Fir-  10.  Plea  ud  Tooli  lued  in  forming  the  Feet  of  Ladder  Trudl 
at  E  and  F,  respectively.  Before  the  final  bending,  the  forging  is  taken 
to  an  emery  wheel  to  remove  the  burrs  formed  when  forging  the  feet. 
The  eye-bolt  shown  in  two  stages  of  its  formation,  at  A  and  B  In 
Pig.  11,  is  another  example  of  a  bending  and  forming  operation  ac- 
Tnrtintirfl  in  a  forging  machine.  This  eye-bolt  is  made  from  a  1%-inch 
round  wrought- iron  bar.  and  Is  completed  in  two  blows  in  a  3-inch 
AJax  forging  machine,  using  the  dies  and  tools  illustrated.  The  con- 
struction o(  the  gripping  dies  Is  rather  unusual  and  Interesting.  The 
lower  impression  in  ihe  dies  consists  of  two  movable  members  O 
which  slide  on  four  rods  U  and  are  provided  with  tongues  E  which  fit 
in  corresponding  grooves  In  ,v  'p  and  stationary  gripping  dies. 

The  pins,  of  course,  act  as  '-iitig  these  sliding  members 

C  in  ttii-  gripping  dies,  i   Ihe  adji^i- 

alile  lock-nuts  F  by  i 
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machine  is  again  operated  and  as  the  dies  close,  the  ram  J  advances 
and  forces  the  blocks  C  forward,  carrying  the  "eye-end"  of  the  work 
along  with  It. 

Now  as  both  parts  of  the  bar — "eye-end"  and  body — are  rigidly  held 
In  the  gripping  dies  and  movable  blocks  C,  it  is  evident  that  the  part 
of  the  bar  at  point  K  must  he  upset.  The  result  of  this  displacement 
of  the  stock  causes  the  formation  of  a  shoulder  on  the  bar  at  the  base 
of  the  eye,  formed  by  the  circular  impression  M  In  the  blocks  C. 
The  amount  of  stock  required  to  form  the  boas  at  the  baae  of  the  "eye" 
Is  governed  by  the  position  of  the  locknuts  F.  The  ram  J  and  gripping 
dies  are  made  from  steel  castings.  The  four  compression  springs  U 
are  10*',  inches  long  when  extended,  of  »',  inch  pitch;  5/32-inch  diameter 
wire  Is  used,  and  the  outside  diameter  of  the  spring  is  1  3/16  inch. 


Dlee  and  Tools  for  Forming  a.  Driver  Brake  Adjusting-  Kod  Block 

accomplished  In  the  forging  machine 
is  a  driver  brake  adjusting  rod  bloc 


A  difficult   forming  operatioi 
is  shown  In  Fig.  13.    The  part 
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used  on  freight  cars.  It  Is  made  of  wrought  iron  and  is  completed  in 
two  blows  in  a  5-inch  Ajax  forging  machine.  The  method  of  procedure 
in  making  this  piece  is  to  first  cut  a  piece  of  rectangular  bar  iron  to 
the  required  length  and  then  bend  it  into  a  U-shape  In  the  bulldozer. 
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It  is  then  taken  to  the  furnace  where  it  la  heated  to  the  proper  t 
perature,  and  a  "porter"  bar,  about  %  inch  in  diameter,  is  also  heated. 
This  is  joined  to  the  bent  piece  (which  Is  to  form  the  block  i  and  the 
latter  is  placed  between   the  gripping  dies,   the  bar  being  used  t 
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as  a  means  of  handling.  The  dies  shown  at  B  and  0  are  provided  with 
half-round  impressions  shown  at  a  and  6  through  which  the  "porter" 
bar  projects.  As  the  machine  is  operated,  the  front  end  of  plunger  II 
cuts  off  the  "porter"  bar  and  forces  the  bent  piece  into  the  impressions 
in  the  gripping  dies.  While  the  piece  is  still  held  in  the  dies,  the 
maehtne  is  again  operated  and  the  work  given  a  second  blow,  this,  of 
course,  all  being  done  in 
the  one  heat  The  round- 
ended  plug  E  at  the  end  of 
the  impression  in  the  sta- 
tionary die  forms  an  im- 
pression in  the  end  of  the 
block  and  serves  as  a  spot 
for  a  subsequent  drilling 
operation.  Work  of  UiIb 
character  demands  a  forg- 
ing machine  in  which  a 
rigid  gripping  mechanism 
is  provided,  if  excessive 
fins  on  the  work  are  to 
be  avoided.  The  reason 
for  this  is  that  the  plunger, 
in  forcing  the  metal  into 
the  dies,  has  a  tendency 
lo  separate  them. 

Ptg.  14  shows  a  forging 
made  in  practically  the 
same  manner  as  that  illus- 
trated in  Fig.  13.  This 
part,  a  coupler  pocket  fill- 
ing block,  Is  used  on 
freight  cars,  and  is  made 
from  scrap  arch  bars  cut 
up  into  pieces  of  the  de- 
sired length.  These  pieces 
are  first  formed  into  a  U- 
sbape  in  a  bulldozer  and 
are  then  brought  to  the 
furnace  shown  to  the  right 
n«.  w.    seqiipncK  of  Fwmm  Dpoiiuu  oa  in     Fig,     15.      Here    they 

are  heated  to  the  desired 
temperature,  then  gripped  with  the  tongs  and  placed  on  the  shelf 
of  the  back  atop  .1.  The  forging  machine  operator  then  lifts  the 
piece  from  the  shelf  by  means  of  a  "porter"  bar,  and  places  it  be- 
tween the  gripping  dies,  where  the  forging  is  given  two  Wows  and 
then  thrown  down  in  the  sand  to  cool  oft*.  Fig.  14  gives  some  Idea 
of  how  this  coupler  pocket  filling  block  Is  produced.  The  piece  of  arch 
bar  which  has  been  formed  lo  a  f-shape  In  the  bulldozer  still  forms 
end  of  the  block,  the  sides  or  webs  being  formed  by  bending  in  the  arch 
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and  lapping  up  the  open  ends.    This  can  easily  be  seen  by  referring  to 

the  piece  A  In  the  illustration,  where  the  Joint  formed  in  this  manner 
is  clearly  shown.  The  burrs  formed  on  these  pieces  are  removed  in  a 
subsequent  operation. 

Forging-  an  Automobile  Front  Axle 
The  making  of  the  Ford  automobile  front  axle  by  forging  machine 
methods  is  an  excellent  example  of  the  general  adaptability  of  the 
upsetting  and  forging  machine  to  the  manufacture  of  miscellaneous 
parts  from  carbon  and  alloy  steels.  When  used  In  conjunction  with  a 
steam  hammer  or  bulldozer,  there  is  practically  no  limit  to  the  range 
of  work  which  can  be  successfully   handled.     One  of  the  I 


developments  In  forging-machine  methods  which  should  be  of  unusual 
Interest  to  many  manufacturers  Is  the  application  of  forging  machines 
to  the  welding  of  machine  and  engine  parts.  This  In  many  cases  per- 
mits the  utilisation  of  scrap  metal,  thus  converting  practically  valueless 
material  into  expensive  machine  parts.  Some  interesting  forging  opera- 
tions employed  in  the  production  of  the  Ford  front  axle  and  otlief 
parts,  will  be  described  in  the  following: 

In  Fig.  16  Is  shown  a  series  of  interesting  operations  performed  in 
the  3"4-incii  "National"  forging  machine  shown  in  Fig.  17,  the  work 
being  the  front  axle  for  the  Ford  automobile.  This  front  axle  is  made 
from  a  vanadium  steel  bar  1^  Inch  In  diameter  by  67%  inches  long, 
as  shown  at  A  In  Fig.  IS.     The  first  forging  operation  consists  In  form- 
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As  will  be  seen  by  referring  to  this  illustration,  one-half  of  tlie  larger 
bulge  Is  carried  In  block  A,  while  the  other  half  of  the  impression  Is 
carried  in  the  sliding  block  B,  In  the  opposite  end  of  the  sliding  block 
II  is  provided  one-half  the  impression  for  the  smaller  bulge,  the  other 
half  being  formed  In  the  sliding  block  ('.  These  sliding  blocks  B  and  0 
arc  held  by  tongue  plates  D  to  the  main  body  of  the  top  forging  die  In 
which  they  are  free  to  slide.  They  are  held  in  their  outward  positions 
by  cotl  springs  £,'  and  F.  Coil  spring  E  is  carried  on  a  stud  held  In 
sliding  block  B,  while  coil  spring  F  is  carried  on  a  stud  screwed  Into 
block  B  and  fitting  in  a  clearance  hole  in  sliding  block  ('.  The  stock, 
when  heated  to  the  correct  temperature,  is  located  in  the  proper  posi- 
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tlon  in  the  dies  by  block  G,  which  is  fastened  by  cap-screws  to  block  C. 
and  covers  the  hole  lu  the  dies  as  indicated  in  the  end  view.  Block  0 
is  located  In  its  proper  "out"  position  by  means  of  adjusting  screw  H. 
held  In  block  /.  fastened  to  the  top  member  of  the  forging  die. 

The  stock  which  has  been  heated  for  a  distance  of  about  18  or  20 
inches  Is  placed  in  the  impressions  in  the  upper  members  of  the  sta- 
tionary gripping  dies.  The  machine  is  then  operated;  the  gripping 
dies  hold  the  work  rigidly,  while  plunger  K  advances  and  forces  sliding 
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block  C  forward  until  it  la  In  contact  with  block  B.  The  forward 
movement  of  the  ram  continues  until  block  B  is  forced  up  against 
block  A,  when  the  ram  recedes,  the  dies  open,  and  the  forging  la 
removed.  It  is  evident  that  as  the  work  la  held  rigidly  between  the 
opposing  faces  of  the  gripping  dies,  the  advance  of  these  sliding  mem- 
bers can  only  accomplish  one  result,  which  is  to  upset  the  excess  metal 
and  expand  It  into  the  impressions  provided  in  the  dies,  thus  forming 
the  bulges. 

The  next  operation  on  the  front  axle,  which  is  indicated  on  the  top 
of  the  axle  at  C  in  Pig.  16,  and  also  at  C  in  Fig.  12,  consists  in  bending 
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1  In  the  required  position 
for  forming  the  knuekles  of  the  axle.    This  operation  is  handled  in  tin: 
dies  shown  In  Fig.  IS.  that  member  which  accomplishes  the  work  being 
formed  on  the  top  face  of  the  top  members  of  the  dies.    The  bar,  which 
is  still  in  its  iuiti.il  beat,  is  laid  on  top  of  the  dies  and  In  c 
the  stop  gage  L.    The  machine  is  then  operated,  and  as  the  dies  clot 
the  impressions  formed  on  the  projection  of  the  top  die  twist  the  e 
of  the  bar  around  and  form  it  to  the  desired  shape. 
The  bar  Is  now  placed  in  the  furnace  and  again  heated  to  the  I 


20  No.  114— MACHINE  FORGING 

temperature.  Then  it  is  brought  to  the  forging  machine  and  placed  in 
the  lower  impression  in  the  gripping  die  shown  in  Fig.  18.  The  forg- 
ing machine  is  then  operated,  and  as  plunger  M  advances,  it  upsets 
and  forces  the  work  into  the  impressions  in  the  lower  gripping  dies  A\ 
forming  the  front  axle  to  the  shape  shown  at  D  in  Figs.  12  and  16. 
This  completes  the  operations  on  the  front  axle  which  are  handled  in 
the  forging  machine.  After  one  end  of  the  bar  has  been  formed  to 
the  desired  shape,  the  other  end  of  the  bar  is  heated  and  passed  through 
the  same  operations.  Before  the  front  axles  are  passed  on  to  the  final 
drop-forging  operations,  the  burrs  and  fins  formed  in  the  forging 
machine  dies  are  removed. 

The  final  forming  of  the  front  axles  is  done  under  a  steam  hammer 
of  the  type  shown  in  Fig.  19,  the  dies  illustrated  in  Fig.  20  being  used. 
Only  one  end  is  completed  at  a  time;  this  will  be  seen  by  referring  to 
the  dies  shown  in  Fig.  20.  The  axle  is  heated  for  a  little  over  one-half 
its  length  and  is  placed  on  the  lower  die  in  the  steam  hammer.  The 
operator  is  careful  to  locate  the  end  of  the  bar  so  that  the  stock  to 
form  the  knuckles  is  in  the  proper  position  in  relation  to  the  impres- 
sion in  the  die  before  the  first  blow  is  struck;  then  ten  successive 
blows  are  struck  and  the  axle  is  removed  and  taken  to  a  punch  press 
holding  a  shearing  die  which  removes  the  fins.  The  axle  is  then 
brought  back  to  the  steam  hammer,  given  a  final  blow  and  laid  down 
to  cool  off  in  the  sand. 

After  one  end  of  a  batch  of  front  axles  has  been  finished  in  this 
manner,  the  other  end  is  heated  and  carried  through  the  operations 
described.  The  axles  are  then  again  taken  to  the  furnaces,  heated  and 
placed  in  a  fixture  held  in  a  punch  press,  where  they  are  stretched  to 
the  exact  length — 52  V»  inches. 


CHAPTER    II 

WELDING  IN  THE  FORGING  MACHINE 

There  are  three  methods  in  general  use  for  welding  or  joining  pieces 
together  in  a  forging  machine.  The  selection  of  the  one  to  employ 
depends  largely  on  the  shape  of  the  work  and  other  requirements.  The 
most  common  method  in  general  use  is  lap-welding,  of  which  there 
are  several  applications.  The  next  method  in  importance  is  pin-weld- 
ing. Butt-welding  is  as  a  rule  used  only  where  it  is  impracticable  to 
handle  the  work  in  any  other  way. 

In  regard  to  the  materials  that  can  be  handled,  wrought  iron  can  be 
very  readily  welded  in  the  forging  machine,  aud  when  proper  care  is 
taken  this  can  be  successfully  done  without  resorting  to  the  use  of 
fluxes  except  in  unusual  cases.  Machine  steel  does  not  weld  as  readily 
as  wrought  iron,  and  usually  it  is  advisable  to  use  a  welding  compound 
on  the  faces  of  the  parts  it  is  intended  to  Join.  The  following  ingred- 
ients make  a  satisfactory  flux  for  steel  welds:  To  one  part  of  sal- 
ammoniac  add  twelve  parts  of  crushed  borax.  Heat  slowly  in  an  iron 
I>nt  until  the  mixture  starts  to  boil,  then  remove  and  reduce  to  a  pow- 
der. Titan  apply  the  powder  to  the  welding  faces  of  the  work  shortly 
before  removing  it  from  the  furnace,  putting  the  work  hack  in  the  fur- 
nace for  a  short  period  after  applying  the  flux.  Alloy  steels,  while  they 
can  be  worked  successfully  In  a  forging  machine,  cannot  be  success- 
fully welded.  As  a  rule,  parts  made  from  alloy  steels  can  only  be 
worked  into  shape  by  upsetting  and   forming. 

Lap -welding  and  Forming  Operations 
A  simple  example  of  lap-welding  in  conjunction  with  a  forming  opera- 
tion is  shown  in  Fig.  21.  where  the  various  steps  in  the  making  of  a 
draw-bar  hanger  are  illustrated  at  A,  B  and  0.  The  first  operation 
consists  In  cutting  a  2\\  by  %-inch  bar  of  wrought  iron  to  a  length  of 
19%  Inches — this  allowing  a  sufficient  amount  of  excess  material  to 
form  the  two  bosses,  one  on  each  end.  The  bar  is  then  heated  in  the 
furnace  and  placed  in  the  side  shear  of  the  machine  as  shown  at  D. 
The  forging  machine  is  now  operated  and  the  tools  held  on  the  side 
shear  arrangement  partly  cut  off  the  bar  and  bend  the  nicked  end 
around  about  one-quarter  turn.  It  Is  then  removed  from  the  machine, 
placed  on  an  anvil,  and  the  bent  end  lapped  over  as  shown  at  B,  after 
which  it  in  again  put  in  the  furnace  and  heated  to  the  proper  tempera- 
ture; ft  is  then  removed  and  placed  in  the  lower  impressions  in  the 
gripping  dies,  being  properly  located  for  length  by  the  back  stop  E. 
The  machine  Is  then  operated,  completing  the  weld  and  forming  the 
m  boss  on  one  end  of  the  bar  in  one  blow.  After  performing 
Ihe  operations  described  on  all  of  the  bars,  the  other  end  is  handled  In 
practically  the  same  manner,  using  the  upper  impressions  in  the  e Hu- 
lling dies  and  subjecting  the  bar  to  three  heats  instead  of  Iw 


22 


No.   114— MACHINE  FORGING 


Dies  and  Tools  for  Making  Locomotive  Aah-Pan  Handle 
Fig.  G  shows  a  locomotive  ash-pan  handle  that  la  produced  In  i 
similar  manner  to  the  draw-bar  hanger  shown  in  Fig.  21,  the  opera- 
tions on  this  piece  being  Indicated  at  A,  B,  C  and  D,  respectively.  The 
first  operation  is  to  cut  off  a  bar  A  of  the  required  length,  as  before 
mentioned,  and  bend  one  end  over  into  the  shape  at  B.  putting  it  inlo 
the  required  condition  for  welding,  forming  and  piercing  in  the  forging 
machine.  The  welding  and  forming  operations  which  are  indicated  at 
C  are  handled  in  the  lower  Impression  of  the  dies  shown  to  tbe  left  of 
the  illustration,  the  position  of  the  work  before  forming  being  indi- 
cated by  the  dotted  lines  E.  The  lower  impression  is  formed  as  shown 
in  the  end  view  of  the  dies  at  fr\  being  provided  with  a  draft  in  the 
impression  of  1/16  Inch  on  the  diameter  in  order  to  facilitate  the 
"flow"  of  the  metal  and  the  removal  of  the  forging  from  the  dies.  The 
punch  G  is  made  with  a  concave  end  which  forms  a  portion  of  the 
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boas  and  upsets  the  material  into  the  desired  shape  at  the  same  time. 
After  being  welded  and  formed,  the  work  is  removed  from  the  lower 
impressions  and  placed  in  a  vertical  position  in  the  upper  impressions 
in  the  dies.  Here  the  square  hole,  as  indicated  at  D,  is  punched.  As 
the  gripping  dies  are  made  from  steel  castings,  they  would  not  stand 
up  satisfactorily  for  a  piercing  operation,  so  in  order  to  punch  a  clean 
hole  two  steel  plates  H  and  /  are  inserted  in  the  movable  and  stationary 
members  of  the  dies.  These  are  so  shaped  that  a  square  hole  is  formed 
when  the  dies  come  together.  The  hole  is  pierced  by  the  punch  J.  the 
construction  ot  which  is  clearly  shown  In  the  illustration, 
punches  (}  and  J  are  made  from   steel   forgings  and  hardened. 

Dies  and  Tools  lor  Making  Car  Float  Stanchion  Foot 

Another   interesting   example  of  lap-welding   which    Is   used   Tor   t 

purpose  of  enlarging  a  2-inch  bar  to  6  inches  in  diameter  to  form  t 

head  on  a  car  float  stanchion  foot  Is  illustrated  in  Fig.   22.     This  c 

part,  as  indicated  at  A  and  B,  is  made  from  a  wrought-iron  bar  2  inct 
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in  diameter,  to  which  a  rectangular  block  A,  6  by  3%  by  %  inch,  is 
welded.  Block  A  is  first  cut  to  the  required  length,  and  bent  into  a 
U-shape  in  the  bulldozer.  Then  it  is  placed  on  the  round  bar  as  indi- 
cated at  B,  and  the  two  parts  are  put  in  the  furnace,  where  they  are 
heated  to  a  welding  temperature.  The  parts  are  now  quickly  removed, 
given  a  tap  to  stick  them  together,  placed  in  the  forging  machine,  and 
with  one  blow  are  formed  to  the  shape  shown  at  C.  The  dies  and  tools 
used  for  this  operation,  which  are  also  shown  in  the  illustration,  are 
of  simple  construction,  consisting  only  of  two  gripping  dies  and  one 
plunger. 

Dies  and  Tools  for  Making  Locomotive  Spring  Bands 

A  lap-welding  operation  which  is  handled  in  a  different  manner  from 
those  previously  described  is  shown  in  Fig.  23.    This  piece,  which  is  a 
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spring  band  for  a  steam  locomotive,  is  made  from  a  rectangular 
wrought-iron  bar  2*4  by  %  by  19  inches  long.  It  is  first  bent  into  a 
U-shape,  as  indicated  by  the  full  lines  at  B,  in  a  bulldozer.  After  being 
bent  in  the  bulldozer,  the  work  is  again  put  in  the  furnace  and  heated 
to  the  proper  temperature.  It  is  then  removed  from  the  furnace,  and 
by  means  of  bending  dies  held  in  the  side  shear  of  the  forging  machine, 
the  ends  are  bent  into  the  shape  shown  by  the  dotted  lines  a — partly 
over-lapping  each  other.  After  this  operation,  the  piece  is  again  placed 
in  the  furnace,  heated  to  a  welding  temperature,  and  quickly  removed 
and  placed  between  the  gripping  dies  shown  to  the  left  The  stationary 
gripping  die  carries  two  pins  D,  which  serve  as  a  means  for  supporting 
the  work  before  the  dies  close  on  it  The  welding  and  forming  opera- 
tion is  accomplished  by  plunger  E,  which  forms  the  work  around  the 
square  impressions  F  in  the  dies,  and  at  the  same  tin?* 
ends  together,  forming  the  spring  band  into  one  r 
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interesting  feature  about  this  job  la  the  fact  that  the  excess  amount 
of  stock  formed  by  the  overlapping  ends  is  distributed  equally  along  the 
front  side  of  the  forging,  making  it  1/32  inch  thicker  than  the  original 
rectangular  bar,  and  thereby  increasing  its  strength  at  this  point. 

Dies  and  Tools  for  M»k<nr  Extension  Handle  tor  Grate  wh»nng  Lever 
An  Interesting  example  of  lap-welding  is  Illustrated  in  rig.  24, 
where  the  dies  and  tools  used  for  forming  as  extension  handle  for  a 
grate  shaking  lever  are  Illustrated.  This  part,  as  shown  at  A  and  B, 
is  made  from  two  pieces— a  rectangular  bar  of  wrought-lron  2^  by  % 
Inch,  which  has  been  sheared  to  an  angular  shape  ou  one  end — and  a 
loop  B  formed  from  a  piece  of  %-lnch  rectangular  bar  iron  bent  into  a 
U-shape  in  the  dies  illustrated  to  the  left.  The  trimming  of  piece  A 
and  the  bending  of  piece  B  is  carried  on  at  the  same  time  with  special 
shaped  formers  held  to  the  top  faces  of  the  gripping  dies.    To  do  this. 
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the  operator  first  places  a  piece  of  rectangular  stock  of  the  required 
length  in  tbe  impressions  in  the  rear  member  D  of  the  stationary 
gripping  die;  he  then  takes  bar  A,  which  has  been  previously  cut 
to  the  required  length,  and  places  It  In  the  Impression  at  the  front 
•■[id  of  the  gripping  die.  Upon  operating  tbe  machine,  the  moving  die 
advances  and  as  it  carries  &  plunger  E,  it  forces  bar  B  Into  the  suitably 
shaped  impression  In  the  stationary  gripping  die.  At  the  same  time 
that  this  operation  is  being  accomplished,  the  shearing  plates  F  and  O 
carried  In  the  stationary  and  movable  gripping  dies,  respectively,  shear 
off  the  end  of  bar  A. 
The  welding  of  these  two  parts  is  accomplished  In  the  lower  impres- 
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sion  in  the  gripping  dies  which  hold  the  pieces  In  position  while  punch  H  ad- 
vances and  upsets  and  welds  the  parts  together.  The  two  pieces  are  placed  to- 
gether and  put  In  the  furnace,  heated  to  a  welding  temperature,  then  removed 
and  given  a  tap,  so  that  they  will  stick  together.     They  are  then  put  in  the 
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lower  impression  of  the  gripping  dies  and  the  machine  operated.     Then  as  the 

(■lunger  H  advances  it  enters  the  loop  in  part  B,  expanding  It  into  the  Inipres- 

i  in   the  gripping  dies,  and  at  the  same   tt  V  shoulder 

the   punch,   carrying   forward   the  excess  ■  '•qually 
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throughout   the   forcing,   thus  joining  the  two  parts   and   producing   a 
perfectly  welded  joint.     Punch  H   is  guided  when  in  operation  on 
work   by   a  tongue   /,   which   slides   In   a  corresponding  groove   in 
gripping  dies,  and  thus  prevents  any  side  movement  of  the  punch. 

Universal  Type  of  Upsetting-  and  Forging  Machine 

The  miscellaneous  welded  and  formed  parts  shown  ia  Fig.  25  were 
forged  in  the  Chicago  shops  ol  C.  &  N.  W.  Railway.  The  forging  dies 
and  tools  shown  in  the  following  illustrations  constitute  a  few  of  the 
many  Interesting  examples  to  be  found  in  the  shop  mentioned.  All  of 
the  examples  shown  in  Fig.  25  were  produced  on  the  6-Inch  Ajal  uni- 
versal forging  machine  shown  in  Fig.  26. 

The  universal  type  of  upsetting  and  forging  machine  shown  in  Fig. 
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26  has  a  much  greater  range  of  possibilities  for  producing  macliin 
made  forgings  than  the  regular  upsetting  and  forging  machines  I 
viously  described.  This  machine  has  all  the  features  common  ( 
regular  forging  machine  in  combination  with  those  of  a  p 
vertical  press  operated  independently  of  the  other  part  of  the  n 
The  universal  forging  machine  is  designed  especially  for  forming  ■ 
forgings  as  require  squeezing,  punching  or  trimming  operations  eltl 
before  or  after  upsetting.  This  often  makes  it  possible  to  prepare  a 
complete  large  upsets  and  difficult  shaped  forgings  in  one  handling.  ■ 
thus  utilize  the  initial  heat. 
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It  constats  mainly  of  a  double-throw  crankshaft  from  which 
operated  two  header  slides — one  for  the  standard  upsetting  mechanit 
and  the  other  for  the  vertical  press.  The  upper  die-holder  A  at  the 
vertical  press  is  operated  by  two  heavy  steel  side  links,  the  lower  ends 
of  which  connect  with  eccentrics  on  an  oscillating  shaft.  This  die- 
holder  Is  provided  with  means  of  adjustment  so  that  the  squeezing 
dies  can  be  brought  together  or  separated  as  requirements  demands 
The  lower  member  of  the  dies  used  in  this  auxiliary  part  of  the  machine 
is  held  on  the  stationary  dle*ho!der  B. 

Dies  and  Tools  for  Malting  Spring  Hangers 
An  interesting  example  of  the  utilization  of  scrap  metal  for 

ports  la  the  spring  hanger  A,  Pig.  25.  This  part  is  made  froi 
h  bars  1  by  i  by  E  inches,  with  the  dies  and  tools  shown  in 
.     Six  blocks  cut  oft  from  the  arch  bars  are  piled  together  and 
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riveted  as  shown  at  A  in  Fig.  29,  the  old  holes  in  the  arch  bars  serving 
as  a  means  for  riveting  them  together.  This  Is  done  to  hold  the 
separate  blocks  In  place  while  reaching  a  welding  heat.  After  the 
parts  have  reached  the  proper  temperature  they  are  taken  to  the  uni- 
versal forging  machine  shown  In  Fig.  26,  and  placed  between  squeezing 
dies  held  In  the  vertical  press.  The  machine  is  then  operated,  welding 
the  pieces  together  and  converting  them  Into  a  solid  block  as  shown 
at  B  in  Fig.  29. 

After   the   separate   pieces  have   been   welded   and   shaped,   the  solid 
block  is  again  taken  to  the  furnace  and  heated  to  a  welding  tempera- 
ture.   Then  it  is  removed  and  placed  bet  worn  the  opposing  faces  of  the 
gripping  dies  B  and  C,  Fig.  28,  these  heing  held  In  the  forging  n 
shown  in  Fig.  26.     The  stationary  gripping  die  B  is  provided  with  t 
shelf  D  on  which  the  heated   block   If  placed,  this   serving  to   hoi 
while  the  dies  are  coming  together.     As  soon  as  the  dies  0 
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work,  plunger  E  advances  and  displaces  the  stock  In  Buch  s 
as  to  form  the  tall  on  the  end  of  the  forging  J-'  by  simply  forcing  the 
center  portion  of  the  block  back  into  the  rear  impressions  in  the  grip- 
ping dies.  This  Is  accomplished  In  one  heat,  and  when  the  piece  Is 
removed  from  the  dies  it  Is  finished  complete.  Vent  holes  G  are  pro- 
vided in  the  opposing  faces  of  the  dies  to  allow  the  excesB  metal   to 

Another  example  of  a  spring  hanger  forging  1b  shown  at  B  In  Fig.  25. 
the  dies  and  tools  used  being  shown  in  Fig.  30.  The  first  operation  in 
the  forging  of  this  spring  hanger  is  to  draw  the  2-lnch  wrought-tron 
har  A  down  to  the  shape  shown  at  B.  Fig.  31,  In  a  Bradley  steam  ham- 
mer.    This  piece,  after  being  drawn  down.  Is  heated  and  placed  In  a 
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bulldozer,  where  it  is  bent  Into  a  U-shape  as  shown  at  0,  the  heaviest 
part  of  the  piece  being  located  at  the  bent  end.  The  one-Inch  hole  Is 
punched  through  the  bent  end  at  the  same  time  that  the  work  ia  being 
formed.  The  body  or  shank  of  the  hanger  Is  made  from  a  1  by  4-lnch 
piece  of  round  edge  Iron  D  which  is  swaged  down  on  a  4-Inch  forging 
machine  to  iri,  inch  round  for  a  length  oF  about  7  Inches  on  one  end, 
as  shown  at  E.  The  bar  Is  then  heated,  placed  in  the  forging  machine 
and  upset  to  2  inches  In  diameter  in  order  to  completely  form  the 
reinforced  portion  on  the  flat  part,  and  at  the  same  time  reduce  the 
end  to  one  Inch  In  diameter.  The  reduction  on  the  end  of  the  bar  Is 
accomplished  with  the  plunger  held  in  the  ram  of  the  machine. 

The  loop  C  is  now  placed  on  the  reduced  end  of  the  rod  as  shown 

it  Q  an  Hveted  cold.  Just  enough  to  hold  the  two  pieces  together 

The  work  Is  then  raised  to  a  good  welding 

"ie  lower  groove  A    (see  Fig.  301   of  the 
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dies  held  In  the  6-inch  forging  machine  shown  In  Fig.  26,  where  the 
work  is  formed  by  plunger  B  (Fig.  30).  The  reason  for  doing  this 
work  in  a  6-lnch  forging  machine  is  that  the  plunger  travel  necessary 
la  14  Inches,  and  this  would  be  Impossible  on  a  smaller  machine  than 
that  having  a  6-Inch  capacity.  This  14-lnch  travel,  of  course,  Is  after 
the  dies  have  been  closed  on  the  work.  After  the  two  pieces  are  welded 
together  as  shown  at  H  (Pig.  31 )  a  block  a  of  2-lncb  square  iron  3  Inches 
long  Is  placed  in  the  U-end  of  the  forging  as  shown  at  1  and  a  welding 
heat  taken.     The  work  Is  then  placed  in  the  upper  groove  C,  Fig.  30, 
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of  the  dies  and  as  the  plunger  D  advances  It  upsets  the  forging  to  the 
proper  shape  around  the  embossed  center  portions  E,  the  excess  metal 
flowing  up  through  the  vent  holes  F  provided  in  the  gripping  dies. 
The  finished  forging  la  shown  at  J  In  Fig.  31. 

Still  another  type  of  spring  hanger  which  Is  completed  in  the  forg- 
ing machine  is  shown  at  C  In  Fig.  25.  This  Is  made  from  a  rectangu- 
lar bar  of  wrought  iron  which  is  first  lapped  over  and  then  welded. 
after  which  the  eye  end  Is  formed  to  shape  on  the  forging  machine. 
The  square  hole  is  rough-formed  by  the  vertical  press  of  the  universal 
forging  machine  shown  iu  Fig.  26,  and  Is  then  finished  in  the  upper 
impression  in  the  dies  held  in  the  horizontal  part  of  the  forging 
machine.  No  material  is  removed  to  form  the  square  hole,  the  metal 
simply  being  expanded,  increasing  the  width  of  the  bar. 
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Dlea  and  Tools  tor  Making  Fork  End  ol  Main  Driver-Brake  Pull  Hod 
The  fork  end  of  the  main  driver-brake  pull  rod  shown  at  D  la  Fig. 
25  Is  made  from  a  2'i-inch  bar  or  round  wrought  Iron  which  is  first 
squeezed  down  fiat  on  one  end  until  the  flattened  end  Is  3  inches  wide 
by  14  Inches  long.  This  operation  la  handled  in  the  vertical  head  of 
the  machine  shown  In  Fig.  26.  A  piece  of  Vj  by  3  by  1 1  inch  wrought 
iron  Is  laid  on  the  flattened  portion  of  the  bar  (both  pieces,  of  course, 
being  heated)  so  that  they  can  be  stuck  together  by  the  dies  held  in 
the  vertical  head  of  the  universal  forging  machine,  thus  holding  them 
while  the  welding  heat  is  being  taken.  The  next  step  in  the  forging 
of  this  fork  is  to  Increase  the  diameter  of  the  rod  from  2ty  to  3  inches 
square.  This  operation  is  accomplished  in  the  upper  grooves  A  of  the 
dies  shown  in  Fig.  32,  using  the  plunger  B  for  upsetting.  The  3-inch 
squared  end  is  now  split  for  about  9  inches  of  Its  length  with  suitable 
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tools  held  In  the  vertical  head  of  the  machine,  and  at  the  same  time 
is  opened  up  slightly.  The  piece  le  then  taken  to  the  furnace  and 
heated,  after  which  it  is  placed  in  the  lower  grooves  C  of  the  dies,  and 
with  one  blow  of  plunger  D  is  brought  to  the  final  shape  shown  at  J-:. 

Dies  and  Tools  for  Making  Slot  End  ot  Mam  Driver-Brake  Pull  Rod 
The  Blot  end  of  the  main  driver-brake  pull  rod  shown  at  E  In  Fig.  25 
Is  made  as  shown  in  Fig.  33  from  two  pieces  a  of  1  by  2'/j'inch  Hat 
bar  iron  27  Inches  long,  one  piece  6  of  3-inch  square  iron  3t£  inches 
long,  and  one  piece  c  of  L'l.S-inch  square  iron  5  inches  long.  The  two 
pieces  a  are  clamped  by  a  pair  of  tongs  on  the  end  where  the  block  c  is 
located  and  a  welding  beat  is  taken  on  the  other  end.    The  work  is  then 
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removed  from  the  furnace  by  the  tonga  and  quickly  placed  in  the 
top  groove  of  the  dies.  The  machine  1b  operated,  and  as  the  plunger, 
which  has  a  punch  on  Its  front  end,  advances,  it  punches  a  hole  in 
the  work  and  displaces  the  stock,  forming  a  boss  on  each  side  as  indi- 
cated at  B.  The  position  of  the  tongs  on  the  work  is  then  reversed 
and  the  other  end  of  the  forging  is  heated,  after  which  it  Is  swaged  to 
2Vj  Inches  in  diameter  for  a  distance  of  a  inches  on  this  end  to  the 
shape  shown  at  C.  This  operation  Is  handled  by  the  gripping  dies 
which  are  provided  with  circular  grooves  located  between  the  upper 
and  lower  impressions.    The  forging  is  again  heated  and  placed  In  tin? 


lower  impressions  of  the  dies,  the  round  part  entering  the  plunger. 
The  machine  is  then  operated,  forming  the  forging  to  the  shape  shou.ii 


Butl-weldintr  Bottom  Connect  In  g--Rods  for  Freight  Cars 
Butt-welding  is  seldom    done   on    forging  machines,   owing   I 


the 


difficulty  generally  experienced  in  successfully  making  this  type  of 
weld.  The  bottom  connecting-rods  shown  at  /■'  In  Fig.  34,  arc,  however, 
produced  satisfactorily  by  butt-welding  in  the  Collinwood  Shops  of 
the  L.  S.  &  M.  S.  Railway.  The  stock  for  the  forked  ends  A  is  sheared 
off  from  a  bar  of  2Vj  by  %-Inch  wrought  Iron  and  bent  to  a  U-shape  in 
the  bulldozer.  The  center  portion  of  this  connecting-rod  is  made  from 
l^-lnch  round  wronght-iron  bars  which  are  also  sheared  to  the  required 
length  before  coming  to  the  forging  machine. 

The  U-shaped  pieces  A  and  bars  B  are  now  placed  in  a  furnace  where 
they  are  heated  to  a  welding  temperature.  The  operator  then  removes 
a  rod  and  also  a  U-shaped  piece  and  butts  them  together:  he  then 
places  the  pieces  which  are  stuck  together  in  the  impressions  In  the 
gripping  dies  C  and  D.  and  operates  the  machine.  Now  as  plunger  E. 
which  has  a  pointed  end,  advances,  it  forq^^^       through  the  fork 
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into  the  round  stock,  thai  intermingling  the  grain  of  the  material  and 
insuring  a  solid  weld.  To  prevent  scale  from  forming  on  the  pieces  to 
be  welded,  a  small  jet  of  compressed  air  Is  made  to  play  on  them  Just 
before  and  while  the  machine  4s  operating. 

After  welding,  the  work  is  removed  from  the  gripping  dies  and 
placed  between  suitably  shaped  forming  dies  held  in  the  side  shear. 
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Flf.  St.    Stqnenoe  of  Operations  performed  on  the  Slot  End  of  the  Main 
Driver-brake  Pull  Rod  shown  at  E  ia  Fig.   25 
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IT*.  M.     IUustrations  anowinf  Sequence  of  Operatlona  in  the  Bntt-weldins 

of   Bottom    Connecting- rods 

The  machine  is  then  operated,  forming  the  U-shaped  end  to  the  proper 
shape,  after  which  the  piece  is  thrown  down  in  the  sand  to  cool  oft. 
After  all  the  rods  have  been  completed  in  this  manner,  the  other  or 
straight  end  is  placed  in  the  furnace  and  the  same  procedure  repeated. 
The  con  ottom  connecting-rods  are  shown  at  F.    To  prove  thut 
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this  type  of  weld  was  satisfactory,  numerous  tests  were  made  to  break 
It  at  the  welded  joints.  Tbis  was  not  accomplished  until  the  testing 
machine  registered  a  pull  of  74,000  pounds,  which  Is  equivalent  to  a 
tensile  stress  of  approximately  30.000  pounds  per  square  Inch.     As  the 

tensile  strength  of  wrought  Iron  Beldom  exceeds  48,000  pounds  per 
square  inch.  It  will  readily  be  seen  that  tbis  type  of  weld  would  be 
satisfactory  for  the  general  run  of  forged  work. 

The  Bulldozer  as  an  Auiiillnrj-  to  the  Upsetting  and  Forging  Machine 

Considering  the  fact  that  so  many  parte  completed  on  the  forging 

machine  can  be  handled  successfully  only  when  partially  formed  by 

Ihe  bulldozer  it  may  not  be  out  of  place  to  include  a  short  description 

of  tbis  type  of  machine.    Fig.  35  shows  the  type  of  bending  and  punch- 
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ing  machine  known  as  the  bulldozer,  which  is  used  extensively  as  an 
auxiliary  to  the  forging  machine  in  the  manufacture  of  many  forging* 

The  construction  of  this  type  of  machine  is  Bimple,  consisting  pri- 
marily of  a  moving  erosshead  .4  which  carries  one  member  of  the 
forming  dies,  the  other  member  of  the  forming  dies  being  held  against 
the  toes  B  of  the  machine.  The  operations  are  accomplished  by  the 
forward  travel  of  the  erosshead.  the  work  as  a  general  rule  being  com- 
pleted In  one  travel  of  the  head.  Of  course,  while  the  machine  is 
fairly  simple  in  construction  and  operation,  many  types  of  interesting 
forming  tools  are  used. 

The  forming  tools  for  the  bulldozer  can  generally  be  made  cheaper 
and  more  conveniently  from  cast  iron,  especially  when  they  are  pro- 
vided with  hardened  steel  plates  where  any  friction  takes  plaee — that 
ia,  those  parts  of  the  tool  which  actually  do  the  forming  or  shaping 
should,  aa  a  general  rule,  be  reinforced  with  hardened  steel  plates. 
This  enables  the  tools  to  be  renewed  very  cheaply,  as  the  plates  when 
worn  out  can  be  replaced  by  new  hloeks  of  steel.  The  roller  type  or 
tool  which  is  carried  and  operated  by  the  erosshead  is  the 
saving  material  and  power  when  it  Is  possible 
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ever,  the  type  of  tool  to  use  depends  largely  on  the  shape  to  be  formed 
and  other  requirements.  In  all  cases  where  hot  punching  or  cutting  is 
done,  high-speed  self-hardening  steel  should  be  used  for  the  working 
members  of  the  tool. 

Tools  for  Making  Engine  Main  and  Side  Rods  in  the  Forging  Machine 

The  locomotive  main  rod  shown  at  A  in  Fig.  27  is  the  largest  piece 
of  work  ever  handled  in  a  forging  machine  in  the  Chicago  shops  of 
the  C.  &  N.  W.  Railway.  The  main  rod  is  first  roughed  out  under  a 
steam  hammer  and  the  end  split  before  it  is  brought  to  the  forging 
machine  shown  in  Fig.  26.  The  roughing  out  of  the  slot  and  the  finish- 
forming  in  the  forging  machine  are  done  in  one  heat  In  the  forging 
machine  the  work  is  gripped  by  the  dies  B  and  C,  and  is  upset  and 
formed  to  shape  by  the  plunger  D. 

Another  good  example  of  heavy  forging  done  in  the  Ajax  6-inch  uni- 
versal forging  machine  is  the  locomotive  side  rod  shown  at  A  in  fig. 
36.  This  side  rod  is  made  from  square  stock  drawn  down  to  the 
required  size  under  the  steam  hammer,  and  is  upset  and  formed  on 
each  end  in  the  forging  machine  shown  in  Fig.  26.  The  gripping  dies, 
only  one  of  which  is  shown  at  B  in  Fig.  36,  are  used  for  forming  the 
end  C  of  the  rod.  It  requires  two  operations  to  complete  this  end. 
The  first  operation  is  performed  in  the  lower  groove  D  of  the  dies  and 
consists  in  rough-forming  the  slot  with  the  plunger  E.  The  work  is 
then  placed  in  the  upper  groove  F  and  completely  formed  to  shape  by 
means  of  plunger  G. 

The  other  end  //  of  the  side  rod  is  upset  and  formed  to  shape  by 
another  set  of  dies — only  one  of  which  is  shown  at  7.  The  rod,  which 
is  heated  to  a  welding  temperature,  is  placed  in  the  impressions  in  the 
gripping  dies  and  is  upset  and  formed  to  the  required  shape  by  means 
of  the  plunger  ./.  These  two  examples  of  machine  forging  illustrate 
very  well  the  adaptability  of  the  forging  machine  to  locomotive  building. 
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CHAPTER    I 


APPLICATION  OF  MOTORS  TO  MACHINE  TOOLS* 

For  the  shop  where  electric  power  is  already  installed,  all  binds 
of  machine  tools  may  be  purchased  completely  equipped  with  individ- 
ual motorB.  When,  however.  It  is  desired  to  Institute  a  change  In  a 
shop  that  has  been  employing  belts  and  shafting,  and  to  substitute 
electric  power,  it  becomes  necessary  to  consider  each  of  the  belt-driven 
tools  separately,  so  as  to  secure  as  nearly  as  possible  the  same  results 
that  are  obtained  with  the  tools  built  for  motor  drive.  At  the  same 
time  excessive  expenditures  In  the  alterations  must  be  avoided.  It  is 
the  purpose  of  this  article  to  outline  the  principles  of  motor  applica- 
tion, and  to  suggest  methods  by  which  the  belt-driven  tools  may  be 
accommodated  to  motor  drive. 

The  first  problem  to  consider  is  that  of  the  Iran  Bm  test  on  of  the 
power.  In  large  plants,  covering  acres  of  ground,  alternating  current 
is  employed  in  order  to  permit  the  use  of  high  voltages  with  the 
corresponding  saving  in  the  copper  used  for  wiring.  In  plants  con- 
sisting of  but  a  few  buildings,  grouped  fairly  close  together,  the  use 
of  direct  current  possesses  advantages  In  variable  speed  possibilities 
that  far  outweigh  the  gain  to  be  secured  by  the  use  of  the  high-voltage 
alternating  current.  It  is,  therefore,  the  general  practice  at  the 
present  time  to  use  230-volt  direct  current  for  the  operation  of  plants 
of  the  nature  of  machine  Bhops.  in  which  a  large  part  of  the  load 
will  consist  of  motors  driving  tools  requiring  variable  speed.  Where 
long  transmissions  make  the  distribution  of  power  hy  alternating 
current  a  necessity,  a  motor-generator  may  be  installed  at  the  point 
of  distribution  for  the  purpose  of  supplying  direct  current  to  the 
variable-speed  motors.  This  is  often  the  system  employed  in  the 
case  of  railway  shops  which  are  spread  out  over  a  considerable 
territory  and  contain  a  large  proportion  of  constant-speed  tools.  Here 
the  transmission  current  is  440  volts,  alternating,  and  the  constant- 
speed  motors  are  operated  on  this  current,  while  the  motor-generator 
supplies  230-volt  direct  current  for  the  operation  of  the  variable- 
speed  motors. 

Types  Of  Motors 

Tn  the  first  place  the  three  types  of  direct-current  motors  should  be 
thoroughly  defined,  so  that  the  proper  type  may  be  selected  for  the 
particular  tool  to  which  the  motor  is  to  be  applied.  These  three  types 
are  series-wound,  shunt-wound,  and  compound-wound  motorB. 

The  series-wound  motor  is  one  in  which  the  field  winding  is  in 
series  with,  or  forms  a  direct  continuation  of,  the  armature  circuit, 
so  that  all  at  the  current  that  passes  through  the  armature  passes 
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also  through  the  fields.  The  amount  of  current  drawn  from  the  line 
by  a  motor  depends  upon  the  work,  or  horsepower,  which  the  motor 
is  developing.  It  therefore  follows  that  in  the  series  motor  the 
strength  of  the  fields  will  depend  upon  the  load  which  is  placed  on 
the  motor,  and  as  the  speed  of  the  motor  depends  inversely  upon  the 
field  strength,  the  speed  of  the  series  motor  will  be  inversely  pro- 
portional to  the  load.  Since  the  speed  of  a  motor  also  depends  upon 
the  voltage  that  is  impressed  upon  the  armature,  the  speed  of  a  series 
motor  may  be  controlled  by  introducing  resistance  in  series  with 
the  armature,  and  this  is  accomplished  by  means  of  a  controller 
which  is  used  also  for  starting  the  motor.  The  use  of  the  controller 
enables  the  operator  to  start  the  motor  slowly  under  light  loads, 
and  also  prevents  too  great  a  flow  of  current  when  starting  under 
heavy  loads.  The  characteristics  of  the  series  motor  are  heavy  start- 
ing torque  and  a  speed  dependent  upon  the  load. 

The  shunt-wound  motor  is  one  in  which  the  field  winding  is  con- 
nected across  the  main  lines,  or  is  said  to  be  in  shunt  with  the 
armature  circuit.  The  amount  of  current  passing  through  the  fields 
is  inversely  proportional  to  their  resistance,  and,  except  in  the  case 
of  the  variable-speed  motor  which  will  be  treated  later,  remains 
practically  constant  under  all  conditions  of  load.  This  results  in  a 
constant-speed  motor  whose  output,  in  horsepower,  is  dependent  upon 
the  current,  in  amperes,  which  passes  through  the  armature.  The 
characteristic  of  the  shunt-wound  motor  is  approximately  constant 
speed  under  all  conditions  of  load. 

The  compound-wound  motor  is  one  having  both  a  shunt  and  a 
series  field  winding.  The  shunt  field  is  connected  to  the  main  line 
as  hi  a  shunt  motor,  while  the  series  field  is  in  series  with  the 
armature  and  carries  all  of  the  current  passing  through  it  as  in  the 
series  motor.  The  field  of  an  average  compound  motor  is  composed 
of  about  eighty  per  cent  of  shunt  winding  and  twenty  per  cent  of 
series  winding,  although  this  proportion  may  be  varied  to  suit  the 
class  of  work  for  which  the  motor  is  to  be  used.  The  speed  of  a 
compound  motor  is  more  nearly  constant  than  that  of  a  series  motor, 
but  the  drop  in  speed  from  no  load  to  full  load  is  considerably  more 
than  in  a  shunt  motor,  owing  to  the  action  of  the  series  part  of  the 
winding.  The  characteristics  of  the  compound  motor  partake  of 
those  of  both  the  series  and  the  shunt  motors  in  about  the  same 
degree  as  the  relative  proportion  of  the  two  windings  composing  the 
field. 

Selection  of  Direct- current  Motors  for  Factory  Use* 

The  prospective  purchaser  should  ascertain  accurately  the  desired 
speed  or  speeds  of  the  machine  to  be  driven,  and  the  maximum  horse- 
power as  well  as  the  average  horsepower  required  to  do  the  work. 
The  speed  or  speeds  of  the  driven  machine  may  be  ascertained  by  tests 
conducted  with  an  experimental  motor,  or  from  data  furnished  by  the 
builder  of  the  machine,  where  such  information  is  available.     Often 


•  Abstract   of  au   ortirl**   l».v    Kuib-    1>.    Jackson    in    tin-    ■•I'lijrimM-rlnjr   Magazine,"    S«»p- 
ti'inbor.    1911. 
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the    motor    drive    la    lo    replace    a   steam    drive,   or    individual    mo 
drtree   trt  to  replace  an  existing  motor-driven  group   drive,  in  which 
9  the  apeeda  are  easily  determined. 


Horsepower  Required 

The  horsepower  required  to  do  the  work  should  be  determined 
is  accurately  as  possible.  The  purchaser  may  rent  an  experimental 
and  aacertain  the  power  required,  which  Is  probably  the 
most  satisfactory  way  to  solve  the  problem.  The  group  drive  gen- 
erally requires  that  this  testing  be  done,  aa  the  amount  of  power 
required  under  actual  conditions  for  a  group  of  machines  of  dif- 
ferent kinds  and  sizes  is  problematical,  and  the  information  cannot 
be  obtained  from  the  machine  manufacturers  aa  can  often  be  done  In 
i  Individually  driven  machine.  It  should  be  remem- 
bered in  this  connection  that  from  the  input  to  the  teat  motor  as 
measured  with  a  wattmeter,  or  with  a  voltmeter  and  ammeter,  should 
be  subtracted  the  test-motor  losses,  as  the  motor  to  be  purchased 
is  rated  on  horsepower  output  or  brake-horsepower.  Money  spent 
I  determination  of  the  amount  of  power  required  is 
wisely   expended — a  fact  often   overlooked   by   the   factory   manager. 

Machine-tool  builders,  motor  manufacturers,  and  central  stations 
are  often  called  upon  to  supply  the  information  as  to  how  large 
a  motor  should  be.  Without  accurate  data,  the  machine-tool  builder 
often  overestimates  the  horsepower  required  for  driving  his  tools, 
in  order  to  be  on  the  safe  aide,  with  the  reault  that  the  motors  run 
at  one-quarter  to  one-half  load  day  in  and  day  out.  at  greatly  re- 
duced efficiency.  The  electrical  losses,  together  with  interest  and 
depreciation  on  the  unnecessary  extra  Investment,  may  amount  to 
a  considerable  sum  in  a  large  installation  It  certainly  behooves 
the  machine-tool  builder  to  have  on  hand  (and,  of  course,  many 
of  them  do)  accurate  data  acquired  from  carefully  conducted  tests, 
covering  the  performance  of  his  motor-driven  machines  under  all 
conditions  of  load  and  speed. 

The  motor  manufacturer  often  has  in  hla  own  establishment  in- 
dividual machine-tool  drives  and  group  drives  similar  lo  those  of 
the  prospective  purchaser,  in  which  event  he  can  supply  the  necessary 
information  as  to  the  size  of  the  motor.  Many  up-to-date  central 
stations  also  have  a  vast  amount  of  data  on  power  required  for  dif- 
ferent motor  drives,  derived  from  actual  tests  under  working  con- 
ditions, which  are  always  available  to  a  prospective  power  consumer 

The  piece-worker  requires  a  relatively  larger  motor  for  the  aame 
tool  than  does  the  operator  working  by  the  day.  In  the  former  case, 
heavy  cuts  at  the  higher  speeds  will  be  the  rule,  together  with  quicker 
starting  and  more  continuous  running  of  the  motor,  as  the  piece- 
worker crowds  his  machine  to  the  limit,  and  must  be  provided  with 
ample  motor  capacity.  Nothing  is  more  discouraging  to  a  workman 
i  to  find  out  that  the  motor  will  not  perform  all  the  work  he 
requires  of  it.  or  Is  continually  giving  trouble. 
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Group  Drives* 

A  few  years  ago  when  the  electric  motor  drive  began  to  take  a 
prominent  place  in  manufacturing  plants,  many  factories  changed 
from  the  old  method  of  belting  the  engine  to  a  large  drive  shaft, 
which  was  connected  by  belts  to  long  lines  of  shafting  throughout 
the  plant,  to  the  individual  motor  drive  having  a  separate  motor  at- 
tached to  each  machine.  The  owners  soon  discovered  that  this  made 
a  very  expensive  installation,  and  this  form  of  drive,  although  the 
most  flexible,  is  gradually  giving  way  to  the  group  drive  for  light 
machine  shop  work.  In  the  group  drive  a  motor  drives  a  short  length 
of  lineshafting  which,  in  turn,  drives  the  machine  tools.  This  ar- 
rangement makes  the  first  cost  considerably  less  than  that  of  the  in- 
dividual motor  drive,  and  if  planned  systematically  it  is  almost  as 
flexible  as  the  latter  method. 

The  best  arrangement  for  the  group  drive  is  to  divide  the  ma- 
chine shop  into  small  units,  having  a  motor  for  each  department  or 
each  kind  of  machines.  The  lineshafting  should  be  as  short  as 
possible  and  the  motors  placed  in  accessible  positions,  so  that  they 
can  be  watched  and  easily  replaced  in  case  of  a  breakdown.  A  small 
platform  makes  an  excellent  mounting  for  a  motor,  as  it  can  be  easily 
inspected  and  removed  if  found  necessary.  Experience  has  proved 
that  motors  suspended  from  the  ceiling  do  not  receive  as  careful 
attention,  and  a  further  disadvantage  of  this  method  of  mounting  lies 
in  the  fact  that  the  motors  are  difficult  to  replace  when  set  up  in  this 
way.  With  the  proper  equipment,  a  motor  can  be  removed  from  a 
platform  and  a  new  motor  installed  in  less  -  than  fifteen  minutes. 
By  carefully  planning  a  group  drive  system,  all  the  lineshafting  can 
be  run  at  the  same  speed  and  a  standard  size  motor  adopted  for  the 
entire  shop.  This  does  away  with  the  necessity  of  carrying  a  number 
of  different  sized  motors  in  stock  and  standardizes  the  motor  equip- 
ment of  a  factory. 

It  is  often  impossible  to  obtain  reliable  data  for  figuring  the  proper 
size  of  motors  to  drive  machine  tools.  During  the  installation  of 
mechanical  equipment  in  an  automobile  engine  factory,  the  machine 
shop  was  carefully  laid  out  and  a  copy  of  the  drawing,  together  with 
the  sizes  of  machine  tools,  kind  of  work,  speed  and  other  technical 
information  were  sent  to  the  different  machine  tool  builders  with  the 
request  that  they  give  the  exact  power  requirements  for  their  machines 
when  operating  on  the  group  drive  system.  The  replies  were  carefully 
tabulated  and  after  a  careful  analysis,  it  was  shown  that  machine 
tool  builders  were  giving  the  same  results  for  group  drive  as  for  the 
individual  drive,  overlooking  the  fact  that  some  of  the  machines  would 
be  idle  and  others  consuming  only  a  small  amount  of  power  at  the 
time  when  the  remaining  machines  were  absorbing  the  maximum 
amount  of  power.  These  .conditions  all  tend  to  equalize  one  another, 
so  that  the  average  power  used  by  each  machine  would  be  consid- 
erably less  for  the  group  drive  than  the  maximum  power  demanded 
for  the  individual  drive. 

•  From  an  article  by  Harry  C.  Splllnion  in  Machinery,  Jun<\   11)1.1. 
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Careful  tests  which  have  been  made  since  the  machine  shop  was 
placed  in  operation  show  that  the  shop  takes  less  than  one-fifth  of 
the  power  recommended  by  the  machine  tool  builders,  or  in  other 
words,  they  were  figuring  over  five  times  too  high  for  the  group  drive. 

The  accompanying  table  gives  the  results  of  the  tests.  K  also 
shows  that  the  lineshafting  and  countershafting  consume  thirty 
per  cent  of  the  total  power,  and  the  total  friction  losses  absorb  seventy- 
two  per  cent  of  the  total  power.  This  makes  a  forty-two  per  cent 
loss  of  power  from  the  countershafting  to  the  machine  tools,  and  only 
twenty  per  cent  of  the  total  power  is  utilized  in  doing  work.  The 
electrical  loss  shows  eight  per  cent  of  the  total  power.  In  the  table 
there  are  two  items  mentioned  as  follows:  Total  average  power  per 
machine,  deducting  idle  machines;  total  average  power  per  machine, 
including  idle  machines.  These  items  include  all  the  mechanical 
power  of  that  department,  such  as  lineshafting,  countershafting,  ma- 
chine friction  and  power  consumed  in  doing  work  on  the  machines. 
In  the  first  case  this  total  power  is  equally  divided  among  all  the 
machines  which  are  in  operation.  In  the  second  case  it  is  divided 
equally  among  all  the  machines,  both  running  and  idle.  The  electrical 
losses  are  omitted  in  all  cases. 

Having  determined  the  speeds  of  the  driven  machines  and  the 
horsepower  required  to  do  the  work  under  all  conditions,  a  knowl- 
edge of  the  various  types  of  direct-current  motors  is  the  next  essential 
in  order  that  a  motor  may  be  selected  which  will  fulfill  the  conditions 
required  of  it  in  the  most  acceptable  manner. 

Selection  of  Motors 

To  determine  the  type  of  motor  to  be  employed  for  the  different 
classes  of  tools  in  the  machine  shop,  the  character  of  the  power  re- 
quirements of  the  tools  should  be  carefully  analyzed.  In  the  case  of 
lathes,  boring  mills,  milling  machines,  etc.,  in  which  the  work  of 
cutting  is  continuous,  it  will  be  seen  that  the  tool  is  required  to  run 
at  a  speed  which  can  be  adjusted  to  the  character  of  the  work  being 
machined,  and  when  so  adjusted  will  remain  practically  constant 
Also,  the  tool  is  usually  started  before  the  work  of  actual  cutting 
begins,  so  that  no  excess  of  power  is  needed  to  start.  The  foregoing 
requirements  correspond  to  the  characteristics  of  the  shunt  motor, 
and  for  this  class  of  work  this  motor  should  invariably  be  used. 

In  the  case  of  planers,  shapers,  Blotters,  etc.,  the  work  is  inter- 
mittent, being  far  greater  at  some  portions  of  the  stroke  than  at 
others,  and  for  this  class  of  work  the  compound  motor  is  best  suited. 
The  same  type  of  motor  is  also  used  for  the  operation  of  punches, 
shears  and  other  tools  having  heavy  flywheels,  as  the  motor  will 
slow  down  at  the  period  of  greatest  load,  which  is  just  after  the 
completion  of  the  stroke.  The  actual  cut  is  effected  through  the 
inertia  of  the  flywheel,  and  the  maximum  load  on  the  motor  is  that 
of  accelerating  the  flywheel  and  bringing  it  back  to  normal  speed 
after  it  has  carried  the  tool  through  the  work. 
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When  operating  boists  and  cranes,  the  motor  must  be  started  under 
the  full  weight  of  the  load  to  be  handled  acid  at  the  same  time  slowly 
enough  to  prevent  the  shock  of  too  sudden  acceleration..  These  re- 
quirements are  best  met  by  the  Beries  motor  with  a  controller  having 
a  heavy  starting  resistance,  as  it  provides  high  torque  at  low  speeds. 
This  type  of  motor  Ib  also  used  for  auxiliary  purposes,  such  as  raising 
ihe  cross-rails  of  planers  and  boring  mills,  traversing  the  carriages 
of   large   lathes,   and   elevating   the   tables   of   horizontal   boring  mills. 

Typea  of  Motors  for  Different  Requirements 

The  general  classification  of  direct-current  motors  now  included  In 

the  standard  product  of  nearly  all  motor  manufacturers  Is  as  follows: 

Approximately  constant  speed,  no    I  Shunt  motor. 

load  to  full  load j  Shunt-commutating  pole  motor. 

.Senii-conatant   speed,    no    load    to   < 

full    load j  Compound  motor. 

Adjustable    speed,    remaining    ap-  /  Shunt  motor,  with  adjustable  field 

proximately    constant    for    one  1       resistance. 

adjustment,     no     load     to     full  "l  Shunt-commutating      pole      motor 

load     '       with  adjustable  field  resistance. 

Adjustable     speed,     semi-constant   , 

for  one  adjustment,  no  load  to  )  t'<™P°'»»»  ™l°r-  «'Uh  adjustable 

full    load /       shunt  field  resistance. 

Varying   speed,   varying   with   the    i  Series  motor. 

load. |  Series-commutatlng  pole  motor. 

Constant-speed  shunt  motors  are,  of  course,  used  for  the  operation 
of  groups  of  machines  that  are  driven  by  a  common  countershaft, 
hut  for  individual  drive  the  constant-speed  motor  Is  little  used,  as 
one  of  the  greatest  advantages  of  Individual  drive  is  the  ability  to 
vary  the  speed  of  the  tool  to  suit  the  requirements  of  each  piece 
being  machined.  This  naturally  brings  up  the  question  as  to  where 
the  line  should  be  drawn  between  tools  that  should  be  arranged  for 
group  drive  and  those  which  may  advantageously  be  equipped  with 
Individual  motors.  No  fixed  rules  can  be  laid  down  In  answer  to 
this  question,  but.  In  general,  It  is  customary  to  group  the  smaller 
tools,  as  the  Initial  expense  of  separate  equipments  for  such  tools 
as  bench  drills,  tool  grinders,  emery  wheels,  and  sensitive  drills, 
often  equals  or  exceeds  the  cost  of  the  tools  themselves.  In  the 
tool-room,  also,  the  value  of  Individual  equipment  is  questionable. 
as  the  work  on  each  tool  is  Intermittent  and  there  Is  not  the  de- 
mand for  the  high  efficiency  from  the  tools  that  obtains  in  the  case  of 
tools  used  In  the  manufacturing  departments.  If  the  product  of  a 
given  tool  Is  especially  valuable,  or  forms  a  very  important  part  of 
the  shop'H  output,  the  first  cost  of  the  drive  Is  of  minor  considera- 
tion, and  an  individual  equipment  which  will  secure  the  greatest 
output  is  warranted. 
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Variable-speed  Motors 

Variable-speed  motors,  in  the  generally  accepted  use  of  the  term, 
are,  strictly  speaking,  adjustable-speed  motors,  in  that  the  speed 
may  be  adjusted  by  means  of  a  controller.  There  are  two  methods 
in  common  practice  by  which  this  adjustment  of  speed  may  be  ac- 
complished. These  are  known,  respectively,  as  armature  regulation 
and  Held  control. 

The  first  method  consists  of  introducing  resistance  in  series  with 
the  armature  circuit,  thereby  reducing  the  voltage  that  is  impressed 
on  the  armature.  With  constant  field  strength,  as  in  a  shunt  motor, 
the  speed  of  the  motor  will  be  directly  in  proportion  to  the  impressed 
voltage.  If  the  load  on  a  motor  remains  constant,  the  speed  will 
be  inversely  proportional  to  the  resistance  inserted  in  the  circuit, 
as  the  torque  is  in  proportion  to  the  current  in  amperes,  and  the 
voltage  equals  the  amperes  divided  by  the  resistance.  From  the 
foregoing  it  will  be  seen  that  if  the  motor  load  varies,  the  voltage 
and,  therefore,  the  motor  speed  will,  with  a  fixed  resistance,  vary 
with  the  load. 

Now,  consider  the  output  of  the  motor  when  armature  control  is 
employed;  the  torque,  or  turning  effort,  is  proportional  to  the  am- 
peres drawn  by  the  motor,  while  the  horsepower  is  a  function  of  the 
product  of  the  volts  and  the  amperes.  Thus  a  motor  developing  a 
given  horsepower  draws  from  the  line  a  definite  amount  of  current 
and  produces  a  torque  corresponding  to  that  horsepower.  If,  now,  we 
cut  the  speed  in  half,  by  halving  the  impressed  voltage,  while  the 
torque  remains  the  same,  the  product  of  the  volts  by  the  amperes 
will  be  but  one-half,  and  the  motor  will  be  delivering  but  one-half 
its  former  horsepower,  although  it  will  be  drawing  just  as  much 
current  as  when  delivering  the  full  horsepower.  Thus  it  will  be 
seen  that  this  method  of  control  is  uneconomical  and  gives  a  speed 
varying  with  the  load,  while  the  demand  of  most  machine  tools  Is 
for  a  drive  that  will  give  a  desired  speed  regardless  of  the  load.  In 
f-mploying  the  method  described  it  is  almost  impossible  to  secure 
slow  motor  speeds  with  very  light  loads.  For  this  reason  this  method 
of  control  is  but  little  used  in  connection  with  machine  tools. 

The  second  method,  that  of  field  control,  is  most  generally  used 
for  motors  employed  in  the  operation  of  machine  tools.  With  the 
voltage  impressed  on  the  armature  constant,  the  speed  of  a  motor 
will  be  inversely  proportional  to  the  strength  of  the  fields.  This 
field  strength  is  directly  proportional  to  the  ampere-turns  in  the 
field,  and  as  the  actual  turns  of  wire  must  remain  constant,  the 
ampere-turns  may  be  easily  regulated  by  inserting  resistance  in  series 
with  the  field  winding  and  thus  decreasing  the  current  in  amperes 
passing  through  the  field.  The  torque  of  the  motor  is,  in  this  case, 
proportional  to  the  field  strength,  and,  as  the  field  strength  varies 
inversely  as  the  speed  increases,  the  horsepower  of  the  motor  wrill 
remain  practically  constant. 

Considering  the  average  class  of  tools,  such  as  lathes,  boring  mills, 
etc.,    we    can    readily    see    that    the    foregoing    motor    characteristics 
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correspond  to  the  requirements.  When  the  cutting  tool  Is  run  at  a 
high  speed,  the  cut  taken  by  the  tool  ia  light,  nnd  when  taking  heavy 
:uts,  the  speed  Is  slow,  thus  calling  for  a  practically  constant  horso- 
>ower  throughout  the  working  range  of  the  tool. 

Ah  the  field  current  is  but  a  small  proportion  of  the  total  current 
used  by  the  motor,  the  total  current  consumption  of  motors  using  this 
type  of  control  is  practically  In  proportion  to  the  work  being  done,  so 
that  this  is  an  economical  method.  The  speed,  also,  being  regulated 
by  the  Held  strength,  is  independent  of  the  load,  so  that  for  a  given 
controller   position    it   will    be    practically   constant   regardless   of   the 

»*er  developed.  As  a  matter  of  fact,  the  shunt  motor  with  constant 
field  strength  will  vary  about  5  per  cent  from  no  load  speed  to  full 
load  speed. 

Open  or  Enclosed  Motors 

The  question  whether  to  employ  the  open  or  enclosed  motor  often 

arises.     The   metal   covers  of  closed   motors  reduce  the  efficiency  and 

capacity   of   the   motor   by   preventing    free   circulation   of   air   around 

■  active  elements  of  the  motor.  Working  conditions  will  usually 
decide   whether   it   Is   possible    to    use   the   open    motor,    which    is,   of 

irse,  the  desirable  practice,  or  whether  the  presence  of  excessive 
dust  makes  It  necessary  to  enclose  the  moving  parts  of  the  motor 
partially  or  completely.  The  partially  or  semi-enclosed  motor  should 
not  be  placed  in  a  concealed  position  for  the  reason  that  it  Is.  then 
certain  to  be  neglected  in  an  ordinary  factory.  The  perforated  covers 
and  wire  screens  will  close  up  by  dust  and  dirt,  and  as  the  result  the 
semi-enclosed  motor  becomes  virtually  a  totally  enclosed  motor  with 
i  semi-enclosed  rating  and  consequent  trouble. 


General  Considerations 

Vertical  motors  are  made  in  a  number  of  sizes,  but  are  only  to  be 
recommended  when  the  nature  of  the  drive  makes  it  apparent  that 
they  possess  great  advantages  over  the  standard  or  horizontal  type, 
aa  vertical  motors  are  troublesome  to  keep  in  running  order  and 
require  greater  attention.  They  are  not  generally  kept  In  stock  by 
local  dealers,  and  the  motor,  as  well  as  repair  parts,  must  be  replaced 
from  the  factory  stock  at  the  risk  of  the  usual  delay  In  shipment. 

Manufacturers'  standard  sizes  and  speeds  of  motors  should  be  chosen 
wherever  possible,  in  preference  to  motors  of  special  sizes  and  speeds, 
as  prices,  time  of  delivery,  and  general  performance  of  the  former 
will  be  found  to  be  more  favorable  than  those  of  special  design.  In 
many  cases,  it  will  be  found  impossible  to  select  from  the  standard 
sizes  and  speeds  of  a  single  motor  manufacturer  only,  all  the  motors 
which  are  required,  and  In  this  case  there  la  no  valid  reason  why 
the  order  should  not  be  divided  up  and  the  motors  purchased  from  the 
builders   whose  standard   product   meets   the  required  conditions. 

The  direct-current  voltage  now  practically  standardized  for  factory 
use  is  220  volts.  This  voltage  is  both  economically  and  operatively 
superior  for  direct-current  motor  systems  to  that  or  110  volts  some- 
times employed. 
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Types  of  Drives 

Having  determined  the  horsepower  and  selected  the  type  or  types 
of  direct-current  motors  desired,  the  best  means  to  employ,  in  driving 
the  machines  is  the  next  problem  that  is  confronted.  In  considering 
a  belt  drive,  a  greater  pulley  reduction  than  5  to  1  is  not  to  be  recom- 
mended. Idlers  to  increase  the  arc  of  contact,  or  countershafts  be- 
tween the  motor  and  the  driven  machine  to  reduce  the  initial  speed 
of  the  driver,  are  doubtful  expedients,  unless  the  amount  of  power 
used  is  very  small.  It  is  an  easy  matter  to  design  a  belt  drive  of 
this  kind  in  which  20  to  30  per  cent  of  the  power  of  the  motor  is 
wasted  between  the  motor  and  the  driven  machine. 

Direct-connected  drives,  gear  drives,  and  silent  chains  constitute 
a  list  of  positive  drives  from  which  it  should  be  possible  to  select 
a  satisfactory  method  of  driving  a  machine  from  a  motor,  in  which 
safety,  reliability,  and  economy  of  operation  are  all  present  The 
direct-connected  drive  is  the  ideal  drive,  as  it  eliminates  all  inter- 
mediate power-absorbing  apparatus.  In  a  great  many  cases,  how- 
ever, the  use  of  the  direct-connected  drive  necessitates  the  employ- 
ment of  a  special  motor.  It  is  unfortunate,  in  this  respect,  that 
machine-tool  builders  and  motor  manufacturers  often  disregard  each 
other  when  it  comes  to  the  selection  of  standard  speeds  for  their 
respective  machines,  although  they  are  collaborating  more  than  they 
did  formerly.  The  silent  chain  as  a  means  of  driving  machines 
is  coming  into  wider  use.  The  early  types  of  silent  chains  were 
expensive,  rapidly  depreciated,  and  in  many  installations  were  far 
from  being  "silent."  In  point  of  efficiency,  the  silent-chain  drive 
stands  next  to  the  direct-connected  drive.  The  main  objection  to  the 
gear  drive  is  its  excessive  noise,  but  this  may  be  overcome  to  a  large 
degree  by  the  use  of  a  rawhide  pinion. 

Specifications 

Specifications  should  be  drawn  which  state  in  detail  the  number 
of  motors  required,  the  horsepower  of  each  motor,  the  desired  motor 
speed  or  speeds,  together  with  the  speed  or  speeds  of  the  correspond- 
ing driven  machine,  and  the  name  or  description  of  the  machine, 
giving  the  number  of  hours  of  its  probable  use  per  day;  whether  the 
motor  is  to  be  of  the  open,  semi-enclosed,  or  enclosed  type;  the  line 
voltage;  details  of  the  motor  drive,  including  pulleys,  gears,  chains 
and  sprockets,  of  both  driver  and  driven  machine;  and  whether  the 
motor  foundations  are  to  be  included  in  the  contract  price.  Specifica- 
tions should  be  submitted  to  at  least  three  reputable  motor  manu- 
facturers for  quotations,  giving  cost  complete  in  the  case  of  each 
separate  motor,  weights  and  mechanical  sizes  of  motors  offered,  ef- 
ficiencies at  one-quarter,  one-half,  three-quarters,  and  full  loads,  for 
all  ranges  of  speed  called  for,  speed  regulation  from  no  load  to  full 
load,  commutation  at  all  loads  and  speeds,  temperature  rise,  overload 
capacity,  times  of  delivery,  and  description  of  all  starting  and  field 
or  other  rheostats  to  be  furnished,  as  well  as  complete  description 
of  each  motor.     Each  one  of  the  foregoing  items  should  be  known, 
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it  intelligent  comparison  and  selection  are  to  be  made.  The  speci- 
fications may  also  call  tor  a  test  of  each,  motor  purchased,  to  be 
made  by  the  purchaser  or  his  engineer  after  the  motors  are  In  place 
and  before  final  acceptance,  to  demonstrate  whether  or  not  all  of  the 
required  conditions  have  been  fulfilled. 

TABLE  I.    TYPICAL  LIKE  OF  VA  HI  ABLE-SPEED  BHHTlfT  MOTOR  RATINGS 
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The  Investment  In  a  set  of  inexpensive  but  reliable  electrical  meas- 
uring instruments  is  to  be  highly  recommended  in  connection  with 
a  motor  drive.  For  a  small  installation,  the  set  should  include  a 
portable  voltmeter,  ammeter,  and  wattmeter.  For  a  large  installa- 
tion, a  considerable  investment  is  sometimes  warranted.  Thus  on 
Important  machines,  graphic  wattmeters  can  be  installed,  showing  at 
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any  time  of  the  day  the  amount  of  power  used.  These  Instruments, 
moreover,  can  be  moved  from  place  to  place,  until  every  motor  In 
the  shop  has  been  Included,  thus  acquiring  valuable  data  for  shop 
records.  This  Is  especially  valuable  Immediately  after  a  drive  la  in- 
stalled as  a  means  of  ascertaining  whether  or  not  a  motor  of  proper 
size  and  characteristics  has  been  selected. 

Application  of  Motors  to  Machine  Tool* 
Considering  the  application  of  motors  to  specific  tools,  we  can 
best  divide  the  problems  presented  into  two  classes.  The  first  class 
comprises  those  tools  In  which  the  removal  of  metal  la  continuous, 
such  as  lathes  and  drilling  machines.  The  second  class  contains 
those  tools  in  which  the  removal  of  metal  is  intermittent,  as  with 
planers,  shapers  and  Blotters. 

For  use  with  machine  tools  of  the  first  class,  variable-speed  shunt 
motors  will  be  employed,  and  the  next  point  to  be  considered  Is  the 
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speed  range  for  which  they  must  be  adapted.  For  a  given  horsepower 
the  size  of  the  motor  will  be  inversely  proportional  to  the  minimum 
speed,  and  as  the  use  of  gearing  or  chain  drives  places  a  practical 
limit  on  the  maximum  speed,  the  minimum  speed,  and  consequently 
the  size  of  the  motor,  will  depend  upon  the  speed  range.  The  best 
idea  of  the  actual  results  that  can  be  obtained  with  field  controlled 
motors  may  be  secured  from  a  table  showing  the  outputs  and  speed 
ranges  of  a  standard  line  of  such  motors.  Although  different  makes 
vary  somewhat  In  their  ratings  from  those  given  In  Table  I,  this 
gives  a  correct  average  of  the  various  lines  upon  the  market 

With  a  wide  motor  speed  range,  a  larger  part  of  the  working 
range  of  the  tool  is,  of  course,  covered  than  with  a  more  limited 
range,  but  as  it  1b  impracticable  to  cover  the  entire  working  range 
of  such  a  tool  as  a  lathe  or  boring  mill  by  a  corresponding  motor 
range,  it  is  customary  to  use  one  or  more  mechanical  speed  changes 
to  augment  the  electrical  range.  The  problem  is.  therefore,  to  select 
a  motor  speed  range  that  will  give  satisfactory  results  without  in- 
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volving  too  elaborate  mechanical  changes.  Actual  experience  has 
shown  that,  under  average  conditions,  a  motor  speed  range  of  2Vj  to 
1,  or  3  to  1,  together  with  two  mechanical  speed  changes,  will  cover 
practically  any  range  of  speed  that  Is  obtainable  with  a  cone-pulley 
drive  on  any  of  the  ordinary  types  of  machine  tools. 

To  show  Just  how  this  works  out.  we  will  take  an  actual  case  of 
an  engine  latlie  provided  with  a  live-step  cone  pulley.  In  making 
applications  to  old  lathes  ft  is  desirable  to  retain  the  back-gearing, 
while  the  cone  is  removed  from  the  spindle  sleeve  and  two  gears 
mounted  thereon  as  shown  in  Fig.  1.  The  motor  is  placed  above  the 
headstock.  on  a  bracket,  and  is  geared  to  an  intermediate  shaft  run- 
ning directly  below.  This  shaft  carries  two  gears.  A  and  B,  either  of 
which  may  be  meshed  with  its  corresponding  spindle  gear  K  or  F. 
The  engraving  shows  a  comparison  of  the  splndie  speeds  obtained 
with    the   original   belt-drive   and   those   that   may   be   secured   by    the 
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application  of  a  3  to  1  motor.  Not  only  is  the  range  of  spindle  speeds 
Increased,  but  whereas  In  the  belt  range  of  75  to  580  revolutions  we 
obtained  but  five  distinct  speeds,  with  the  motor  and  a  twenty-step 
controller  we  obtain  a  range  of  75  to  675  revolutions  with  forty 
different  running  speeds,  varying  by  about  6  per  cent.  This  calcula- 
tion considers  only  the  range  of  speeds  obtained  without  the  back- 
gearing  of  the  lathe  and  the  range  Is,  of  course,  repeated  at  corre- 
spondingly lower  speeds  by  the  introduction  of  the  single  or  double 
back-gearing  with  which  the  lathe  is  provided. 

Just  here  it  may  be  well  to  point  out  one  of  the  greatest  advantages 
of  the  motor  drive.  It  will  be  noticed  that  the  belt  drive,  which 
gave  a  range  of  75  to  580  revolutions,  did  so  In  five  steps  varying  by 
at  least  60  per  cent  per  step.  If  the  lathe  Is  running  on.  let  us  say, 
the  fourth  step  it  may  be  found  that  the  cutting  speed,  owing  to  the 
pize  of  the  work  or  the  condition  of  the  tool,  is  not  as  high  as  could 
be  used  to  best  advantage.  To  jump  to  the  next  speed,  however, 
increases  the  cutting  speed  over  60  per  cent,  which  will  be  too  much. 
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and  the  work  will  consequently  be  done  on  the  fourth  step,  although 
this  may  be  30  or  40  per  cent  below  that  at  which  the  best  economy 
would  obtain.  With  a  motor  drive  giving  speed  increments  of  6  per 
cent  or  less,  the  work  can  at  all  times  be  done  at  practically  the  best 
speed,  and  the  increase  of  output  that  will  be  thus  secured  will  be 
readily  appreciated. 

Another  typical  case  where  the  advantage  of  the  motor  drive  is 
clearly  shown  is  in  the  facing  of  a  large  surface  such  as  a  flange. 
The  ordinary  practice  is  to  adjust  the  speed  properly  for  the  cut  at 
the  largest  diameter  and  then  cover  the  entire  surface  at  this  speed, 
although,  as  the  tool  approaches  the  center,  and  the  cutting  diameter 
becomes  smaller,  the  cutting  speed  will  be  too  low.     To  be  sure,  an 


Fig.   3.     Motor  Equipment  of  Horizontal  Boring  Machine 

energetic  lathe  hand  can  shift  his  belt  from  time  to  time  as  the 
work  progresses,  but  this  is  practicable  only  after  a  reduction  in  speed 
of  the  60  per  cent  made  necessary  by  the  large  intervals  between 
the  cone  steps.  With  the  motor  drive,  requiring  only  the  slight 
movement  of  the  controller  handle  to  adjust  the  speed,  the  operator 
will  continually  "notch-up"  his  controller,  so  that  the  entire  surface 
will  be  covered  at  practically  maximum  speed. 

In  making  this  application  to  belt-driven  lathes,  if  a  considerable 
number  are  alike,  it  will  be  found  economical  to  make  a  pattern 
and  cast  a  bracket  that  can  be  attached  neatly  to  the  headstock. 
This  bracket  will  be  provided  with  bearings  for  carrying  the  inter- 
mediate shaft  below  the  motor.  As  this  entails  expensive  pattern 
work,   it  will  be  cheaper,  if  the  number  of  similar  lathes  is  small, 
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to  use  wrougbt-iron  brackets  to  support  a  plate  on  which  the  I 
can  be  placed.  This  plate  will  require  a  very  simple  pattern  which 
can  b-  readily  changed  to  suit  different  sizes  of  motors  tor  various 
touls  with  which  ft  can  he  employed.  Fig.  2  gives  a  general  Idea 
of  such  a  bracket,  and  indicates  the  method  of  supporting  it  over  the 
headstock  of  a  lathe. 

The  same  scheme  works  out  very  satisfactorily  for  applying  motors 
to  other  types  of  tools,  although  certain  modifications  may  be  needed 
in  order  to  obtain  the  best  results.  Fig.  3  shows  a  horizontal  boring 
machine  which  has  been  equipped  in  a  manner  similar  to  that  of 
the  lathe.     The  cone  is  replaced  by  the  two  gears  C  and  D,  but  in 


this  case  the  pinions  A  and  B  are  fast  on  the  intermediate  shaft, 
while  the  gears  C  and  D  are  free  to  slide  on  a  feather  In  the  spindle 
quill,  so  as  to  be  engaged  at  will  with  their  corresponding  pinions. 
The  Intermediate  shaft,  in  this  case,  Is  carried  in  brackets  in  front 
of  the  motor  rather  than  beneath  1L  Fig.  i  shows  how  this  type  of 
drive,  with  underneath  intermediate  shaft,  may  be  applied  to  a 
radial  drill,  and  the  same  arrangement  will  be  found  readily  applicable 
to  upright  drills. 

The  halftone  Fig.  5  shows  the  application  of  a  motor  drive  to  a 
large  boring  mill.  The  arrangement  is  extremely  simple,  consisting 
of   replacing   the   driving   pulley   with   a   chain   sprocket,   and   driving 
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Irom  the  motor  which  is  set  at  any  convenient  near-by  point.  The 
two  pinions  tor  the  gear  changes  are  seen  tn  Front  of  the  original 
driving  gears  of  the  mill. 

For  operating  milling  machines  the  most  successful  applications 
are  made  with  chain  drives.  The  motor  may  be  placed  on  a  floor 
base  attached  to  the  base  of  the  machine,  or  it  may  be  bracketed  onto 
the  top  of  the  machine,  illustrations  of  both  of  these  arrangements 
Ix'lng  shown  in  Figs.  G  and  7.  The  latter  motor  position  is  preferable, 
as  the  chips  from  the  machine  necessitate  the  use  of  a  fully  enclosed 


:ul  Killint  Machine 

motor  if  It  la  placed  below  the  table  of  the  machine.  The  examples 
shown  are  offered  mainly  as  suggestions,  as  the  construction  and 
speeds  of  each  particular  tool  will  call   for  separate  consideration. 

Horsepower  Be  quired 

Having  decided  upon  the  desirable  speed  range  and  the  mechanical 

details   of    the    application,    the    next   problem    Is    the    selection    of    a 

r  of  suitable  power.      Upon   this   point   no   positive   rules  can   be 

followed,  as  so  many  factors  enter  into  the  consideration.     For  the 
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operation  of  a  lathe  for  general  work  a  5-horsepower  motor  might  be 
fully  adequate,  while  for  driving  the  same  size  of  lathe  for  manu- 
facturing purposes,  and  using  only  high-speed  steel  at  maximum 
cutting  speeds,  a  10-  or  even  a  15-horsepower  motor  might  be  needed. 
For  running  a  milling  machine,  for  example,  it  is  obvious  that  a 
much  smaller  motor  could  be  employed  if  the  machine  were  to  be 
used  only  for  finishing  work,  with  light  cuts,  than  would  be  needed 
on  the  same  machine  if  it  were  to  be  used  for  heavy  roughing  work. 
Any  tabulated  data,  therefore,  based  on  the  size  of  the  tool,  must 
necessarily  give  averages  only,  and  should  be  modified  by  one's  best 
judgment,  based  on  the  actual  conditions  obtaining. 


TABLE  II. 

AVERAGE  POWER  REQUIREMENTS  OF  ENGINE  I 

lATHEfl 

Character  of 

Work 

Swing. 

Character  of 

Work 

Swing, 

Light, 

Heary, 

Light. 

Heavy, 

Inches 

H.  P. 

H.  P. 

Inches 

H.  P. 

H.  P. 

12 

% 

1 

30 

3 

6 

16 

1V2 

2 

t       36 

5 

7% 

18 

2 

2% 

42 

7% 

10 

20 

2% 

3 

50 

7% 

15 

24 

3 

5 

60 

10 

20 

TABLE  III. 

AVERAGE  POWER  REQUIREMENTS  OF  BORING 

MILLS 

Swing, 

Horsepower 

Swing. 

Horsepower 

Inches 

Inches 

20 

1 

to    2 

72 

10      to  12M 

30 

3 

to    4 

84 

12%  to  15 

40 

5 

to    6 

96 

15       to  20 

50 

5 

to  7% 

120 

20      to  25 

60 

7% 

to  10 

A  most  excellent  plan  is  to  determine  the  power  requirements,  by 
actual  test,  before  purchasing  the  motors.  This  can  be  done,  at  a 
comparatively  small  expense,  by  belting  a  test  motor  to  each  tool 
successively,  and  taking  readings  with  a  recording  ammeter  for  a 
day  or  two  while  the  tool  is  running  under  actual  operating  con- 
ditions. Remember  that  all  good  motors  have  a  25  per  cent  over- 
load capacity  for  periods  of  at  least  two  hours,  so  that  if  the  day's 
run  on  a  certain  tool  shows  about  7%  horsepower  as  the  average 
load,  with  occasional  peaks,  for  short  runs,  of  8  or  9  horsepower,  a 
7%  horsepower  motor  will  be  sufficient  The  accompanying  tables 
which  have  been  compiled  from  the  recommendations  of  the  tool 
builders  and  from  actual  tests,  will,  with  the  modifications  mentioned, 
serve  as  fairly  accurate  guides  in  the  selection  of  proper  motors. 

As  universal  milling  machines  are  usually  rated  by  numbers,  rather 
than  by  any  dimension,  a  tabulation  of  their  requirements  is  somewhat 
difficult,  but  for  comparison  the  figures  are  given  for  the  Brown  k 
Sharpe  machines,  and  these  will  serve  as  a  guide  for  the  equipment 
of  machines  of  other  makes. 

For  horizontal  milling  machines  the  power  requirements  "may  be 
based  upon  the  machine  capacity  as  expressed  by  the  width  between 
the  housings. 


APPLICATION    OF    MOTORS    TO    MACHINK    TOOLS 
Application  of  Motors  to  Planers,  Shapere,  etc. 


Tbe  second  class  of  tools  comprises  those  in  which  the  cutting 
stroke  alternate);  with  a  non-cutting  return  stroke,  as  in  the  case 
of  planers,  shapers  and  blotters.  Here  the  successive  operations  of  the 
tool  occur  in  cycles,  as  shown  In  Fig.  8.  The  highest  points  In  the 
cycle  are  those  which  occur  when  reversing  takes  place.  As  the 
return  stroke  Is  taken  at  two  or  three  times  the  speed  of  the  cutting 
stroke,  the  power  required  to  accelerate  the  bed  of  the  planer  or  the 
head  of  the  slotter  to  its  return  speed  usually  constitutes  the  greatest 
power  demand,  while  a  somewhat  lower  point  is  reached  on  the 
reverse  to  cut.     It  is  not,  however,  necessary  to  power  tbe  tool  to 
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meet  the  extreme  peak,  as  the  overload  capacity  of  the  motor  will 
take  care  of  this  demand.  Instead,  the  average  cutting  load  repre- 
sents the  desirable  nominal  rating  of  the  motor. 

In  this  class  of  work,  a  constant  speed  of  the  motor  is  not  of  as 
great  importance  as  with  constant  cutting  tools,  but  it  is,  rather, 
desirable  that  the  motor  shall  be  designed  to  take  care  of  the  over- 
loads that  occur  at  the  reversals,  and  for  this  reason  motors  for 
use  with  tools  of  this  class  should  be  compound-wound.  The  result 
is  that,  as  greater  demand  is  made  on  the  motor,  the  increase  of 
current  that  passes  through  the  fields  strengthens  them,  and  thereby 
increases  the  torque  of  tbe  motor.  This  also  causes  the  motor  to  slow 
down,  so  that  the  Bpeed  for  which  the  motor  should  be  adjusted  Is 
that  desired  when  operating  under  cutting  load.  On  the  return, 
when  the  load  is  light,  the  motor  will  consequently  run  faster  than 
during  the  cutting  stroke. 

The  average  cutting  speed  of  any  of  this  class  of  tools  will  be  be- 
tween 25  and  50  feet  per  minute,  so  that  a  2  to  1  range  motor  Is  suf- 
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fieient  for  nearly  all  cases  and  often  a  range  of  1%  to  1  will  be  found 
satisfactory.  Com  pound- wound  motors  are  not  used  for  such  wide 
speed  ranges  as  the  shunt-wound  motors,  since  any  considerable  weak- 
ening of  the  shunt  field  so  changes  the  relation  of  the  shunt  to  the 
series  winding  as  to  cause  the  motor  to  attain  the  nature  Of  a  series 
motor,  which  is  undesirable. 

In  some  new  planers  on  the  market,  pneumatic  or  magnetic  clutches 
are  used  for  reversing,  but  in  equipping  old  tools  It  will  be  found 


Fig.   t.    CyoU  of  OpentioD.  of  Fluor 

more  practicable  to  retain  the  cross-belt  drive  with  belt  shipper.  A 
diagram  of  such  an  application  is  shown  in  Fig.  9.  The  motor  is 
mounted  on  the  top  of  the  planer  housings,  and  geared  to  a  counter- 
shaft which  carries  the  driving  pulleys.  The  use  of  the  flywheel  on 
the  motor  shaft  is  most  desirable,  as  It  greatly  relieves  the  motor  on 
the   peak   loads.      By   mounting   It   on   the   motor  shaft,   Instead   of  on 


tilt  slower  running  countershaft,  the  flywheel  effect  Is  much  Increased. 
It  is  also  well  to  provide  the  driving  pulleys  with  extra  heavy  rims 
for  the  additional  flywheel  effect  that  they  will  produce.  On  Blotters 
It  will  usually  be  found  convenient  to  place  the  motor  on  a  bracket  on 
the  side  of  the  frame,  and  employ  a  gear  drive,  while  shapers  may  be 
either  geared  or  chain-driven,  or  belt-driven  by  using  an  idler  as  sbown 
in  Fig.   10. 
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The  remarks  regarding  the  power  requirements  for  constant-cutting 
tools  apply  with  equal  Force  to  this  class  of  machines. 

The  figures  in  Table  VII  are  based  on  the  use  of  two  tool-heads  an  ' 
a  return  speed  having  a  ratio  to  the  cutting  speed  of  about  3  to  1 
If  more  than  two  heads  are  used,  or  If  the  planer  has  a  longer  bed 
than  that  given,  the  horsepower  should  be  somewhat  increased. 

In  addition  to  the  motors  employed  for  operating  the  tools  of  th  ■ 
above  classes,  there  are  a  number  of  uses  for  auxiliary  motors  as  will 


be  noticed  in  some  of  the  illustrations.  In  Fig.  3  is  shown  an  auxiliary 
motor  used  for  raising  and  lowering  the  table  of  a  horizontal  boring 
machine,  while  Figs.  9  and  11  show  similar  motors  employed  for 
elevating  and  lowering  the  cross-raits  of  a  large  planer  and  borln,- 
mill,  respectively.  On  large  lathes  auxiliary  motors  are  often  used 
for  moving  the  tailstock  along  the  bed,  and  they  may  also  be  arrange  1 
for  turning  the  turret  heads  on  heavy  turret  lathes. 

Series  motors  only  are  used  for  these  purposes,  as  they  are  always 
started  under  full  load,  and  have  their  speed  regulated  by  armatui*' 
control.  No  rules  can  be  laid  down  for  the  power  of  these  auxiliary 
motors,  but  the  requirements  are  comparatively  small,  from  2  to  & 
horsepower  covering  all  of  the  above  cases  except  for  the  very  largest 
tools.  The  time  of  duty  is  very  short.  The  drives  are  invariably  !>.- 
means  of  gearing  to  the  operating  shaft,  one  set  of  reducing  gears 
frequently  being  needed  to  reduce  the  speed  of  the  motor  sufficiently. 
These  motors  should  never  be  belted,  for  if  the  load  should  be  thrown 
off,  by  breaking  the  belt,  they  will  run  up  to  a  dangerously  high  speed, 
and  may  be  badly  damaged.     Another  type  of  auxiliary  motor  is  shown 
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in  Pig.  11,  where  it  is  need  to  operate  the  Blotting  attachment  of  a 
large  boring  mill.  Such  a  motor  should  be  compound  wound  and  the 
data  relative  to  Blotters  are  applicable  for  such  motors. 

TABLE  VII.      AVEHAOE    P0WE2  KEHOIBEXFJfTB    OF    PUBZXfl 

Width  tvtwtrn  Ij-nprtb  |  Width  twlwewi       Length 

lluuirfngt.  ur    llnl.        Ilonu-iiowiv  Huu»ll)([»,  of   Ii*d,        Hortepoirfr 

lactam  F«-i  locuw  P«t 

84  18  20  to  25  42  10  8  to  10 

72  16  15  to  20  30  8  6  to     TVs 

60  12  10  to  15        I  20  6  4  to     5 

TABLE  TILt.    AVERAGE  POWER   RE0.TTREKENT8   OF  SKAPEBfl    (WHOLE  HEAD) 


TABLE  IX.     AVEHAOE  POWER   HEQUIBEXENTS   OF  SXOTTEBB 


Controllers 

For  use  with  motors  on  machine  tools  the  drum-type  controller 
is  most  satisfactory,  as  it  has  sufficient  mechanical  strength  to  with- 
stand the  rough  usage  to  which  It  Is  liable  to  be  subjected,  at  the 
same  time  being  completely  enclosed  so  that  all  current-carrying  parts 


^a 
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arc  fully  protected  from  dirt  and  chips  and  from  external  injury. 
Drum  controllers  are  built  for  both  armature  and  field  controlled 
motors  as  well  as  for  combined  control.  They  may  be  either  revers- 
ing or  nou -reversing,  as  desired.  When  used  with  motors  bavins 
a  3  to  1  speed  range,  obtained  by  field  control,  they  will  ordinarily 
contain  about  twenty  speed  steps.  In  some  sizes  the  necessary  re- 
sistance is  mounted  on  the  back  of  the  drum,  while  In  others  It  Is 
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supplied  as  a  separate  unit  which  is  connected  to  the  drum  by  wiring. 

The  controller  should  be  mounted  on  the  tool  at  any  point  to  best 
suit  the  convenience  of  the  operator.  In  the  case  of  long  lathes  a 
good  arrangement  is  to  mount  a  handle  on  the  lathe  apron,  and  this, 
by  means  of  gears  and  shafts  can  readily  be  arranged  to  operate  the 
controller  when  mounted  on  the  eod  of  the  lathe  bed. 

The  resistance,  if  separate,  should  be  mounted  near  the  controller 
in  order  to  economize  in  wiring,  but  it  should  be  so  placed  as  to  be 
exposed  to  the  air  and  at  the  same  time  protected  from  dirt  and 
cuttings  from  the  tool.  Do  not  cover  up  the  resistance  or  place  It 
inside  of  the  tool  frame,  but  select  some  place  above  the  table  of  the 
tool,  away  from  the  path  of  the  chips. 

Methods  or  Applying-  Motors  to  Machine  Toola 
In  a  paper  on  the  Economy  of  the  Electric  Drive  in  the  Machine 
Shop,  read  at  the  April.  1910,  meeting  of  the  American  Society  of 
Mechanical  Engineers,  Mr.  A.  L.  De  Leeuw  reviewed  the  conditions 
which  must  be  considered  In  connection  with  the  equipment  of  a 
machine  shop  with  electric  drive.  In  conclusion  he  gave  a  general 
idea  of  the  mode  of  application  of  motors  to  machine  tools,  the  selec- 
tion of  motors  for  different  classes  of  tools,  and  the  lines  along  which 
economical  results  may  be  expected.  The  following  abstract  of  these 
conclusions  will  undoubtedly  be  of  interest  to  mechanics  In  general. 

Bench  and  Speed  Lathes 

Bench  lathes  should  be  driven  from  a  countershaft  attached  to  the 
wall  or  bench  and  driven  in  turn  by  a  motor.  Any  kind  of  motor 
except  a  series-wound  or  heavily  compounded  motor  will  do.  The 
object  of  the  motor  drive  Is  to  get  the  machine  in  the  best  possible 
location  without  regard  to  the  location  of  the  lineshafting.  A  number 
of  these  machines  may  be  driven  by  a  common  lineshaft,  which  In 
turn  is  driven  by  a  motor. 

Speed  lathes  should  be  driven  from  a  countershaft  located  under  the 
lathe,  or  by  a  direct-connected  motor.  In  the  latter  case  a  variable- 
speed  motor  is  to  be  preferred,  if  direct  current  Is  available.  Motor 
drive  is  recommended  when  the  machine  is  used  in  the  assembling  de- 
partment, as  the  machines  may  then  be  placed  where  they  are  most 
needed:  the  crane  service  would  also  interfere  with  countershafts. 
There  will  be  no  material  gain,  if  the  machines  are  to  be  used  for  ordi- 
nary shop  operations. 

Engine  Lathes 

Various  methods  of  driving  engine  lathes  by  motors  are  in  use.  Some 
makers  furnish  motor-driven  engine  lathes  as  standard  equipment. 
Some  have  a  headstock  with  a  limited  number  of  speeds,  and  depend 
on  a  variable-speed  motor  to  Oil  out  the  speeds  of  the  lathe.  Others 
apply  a  constant-speed  motor,  or  one  with  a  limited  amount  of  variat- 
ion, to  an  all-geared  headstock.  In  general,  the  use  to  which  this 
class  of  machines   is   put   in   the   shop   would  '   to  group 
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drive.  There  is  no  material  advantage  in  the  individual  motor  drive, 
if  the  machines  are  used  for  regular  manufacturing  operations,  except 
where  the  location  demands  individual  drive. 

Heavy  Engine  Lathes.  Forge  Lathes,  Etc. 
Heavy  engine  lathes,  and  lathes  of  similar  types  should  be  driven  by 
a  direct-connected  motor.  The  motor  should  be  direct-current,  as 
these  machines  are  too  heavy  to  permit  a  convenient  all-gear  drive.  If 
no  direct  current  is  available  and  there  is  only  one  machine  of  its 
class  in  the  shop,  and  this  is  used  for  an  occasional  job  only,  an  alter- 
nating-current motor  could  be  used,  leaving  a  wide  gap  in  the  speeds. 
If  these  machines  are  used  for  manufacturing  purposes,  it  would  pay  to 
install  a  small  synchronous  connector.  The  speed  range  in  the  motor 
does  not  need  to  exceed  two  to  one,  though  a  wider  range  is  better  if 
obtainable  without  complications  or  great  expense.  The  position  of 
the  motor  should  be  low,  as  the  vibrations  in  the  motor-support  have  a 
decided  influence  on  the  capacity  of  the  machine,  as  well  as  on  the  re- 
pair bill.  The  output  of  this  class  of  machines  may  easily  be  increased 
from  20  to  25  per  cent  by  motor  drive.  Further  advantages  of  the 
motor  drive  are  the  possibility  of  placing  the  machine  in  the  line  of 
the  routing  of  heavy  work,  and  of  placing  it  immediately  under  the 
traveling  crane.  This  latter  object  may  be  reached  with  a  belt-driven 
machine  by  placing  the  headstock  under  the  gallery,  if  the  construc- 
tion of  the  shop  lends  itself  to  this  arrangement,  but  the  same  con- 
venience as  that  of  the  motor  drive  cannot  be  obtained. 

Axle  and  Wheel  Lathes 
It  is  of  the  greatest  importance  that  axle  lathes  and  car  and  driving 
wheel  lathes  should  have  the  highest  possible  efficiency,  and  the  most 
convenient  location.  These  machines  are  mostly  used, in  locomotive 
and  car  repair  shops,  where  time  saved  does  not  mean  merely  the 
saving  of  wages,  but  each  day  gained  means  an  added  day  in  the 
earning  capacity  of  the  engine  or  car.  It  is,  therefore,  important  that 
these  machines  be  motor-driven  whenever  installed  in  a  railroad 
repair  shop,  though  this  does  not  mean  that  they  should  not  be  so 
driven  if  used  for  manufacturing.  Direct  current  should  be  used. 
The  economy  of  the  motor  drive  should  not  be  figured  in  increased 
output,  but  in  reduction  of  time  required  to  repair  an  engine  or  car. 

Chucking  Lathes 
Generally  speaking,  there  is  little  reason  why  a  chucking  lathe 
should  be  motor-driven.  Most  chucking  lathes  are  provided  with  the 
necessary  mechanism  to  shift  speeds  quickly.  A  few  types  handling 
large  work  may  be  motor-driven  to  advantage,  though  practically 
the  only  advantage  lies  in  the  fact  that  small  gradations  in  speed 
can  be  thus  obtained.  Such  machines,  therefore,  require  a  variable- 
speed  motor. 

Automatic  Screw  Machines 

Small  automatic  screw  machines  are  generally  group-driven.     Large 
machines  may  be  individually  motor-driven  to  good  advantage.     The 
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larger  sizes  have  generally  one  or  two  speeds  for  one  piece  of  work. 
though  these  speeds  may  be  varied  when  the  machine  is  reset  for  a 
new  piece  of  work.  The  speed  given  to  the  machine  must  naturally 
be  proportional  to  the  largest  diameter  to  be  turned,  or  in  other 
words,  to  the  size  of  stock  used.  This  will  reduce  the  speed  for 
Home  of  the  operations,  such  as  drilling  and  reaming,  far  below  the 
economical  speed.  The  amount  of  time  saved  by  the  application 
the  variable-speed  motor  may  be  considerable.  Where  the  construction 
of  the  machine  permits,  two  motors,  one  for  feed  and  one  for  speed, 
would  give  still  better  results.  In  all  cases  variable-speed  motors 
sbould  be  used. 

Drill  Presses  and  Boring  Machines 

The  only  reason  why  the  sensitive  drill  should  be  individually 
motor-driven  Is  that  it  is  often  used  in  an  assembling  department, 
where  height  of  ceiling  and  crane  service  would  make  a  belt  drive 
awkward  or  impossible.  Most  sensitive  drills  have,  in  themselves, 
all  the  speeds  required  for  their  work,  so  that  any  type  of  motor 
will  be  adaptable.  The  motor  may  either  be  directly  applied  to  the 
machine  or  may  drive  a  countershaft  on  a  stand;  or  it  may  be  placed 
on  the  lloor  by  the  side  of  the  machine,  in  case  the  machine  carries 
its  own  set  of  cones  or  other  variable-speed  device. 

Generally  speaking,  the  upright  drill  is  used  for  manufacturing 
operations  and  does  not  require  frequent  changes  of  speed.  There 
are,  however,  many  exceptions,  for  instance,  where  upright  drills  are 
used  to  do  all  the  operations  on  a  piece  by  means  of  a  jig.  In  this 
case  frequent  changes  of  tools,  and,  therefore,  of  speeds,  are  required, 
and  an  individual  motor  drive,  whether  direct-connected  to  the  ma- 
chine or  operating  on  the  countershaft.  Is  of  the  greatest  benefit.  No 
great  benefit  Can  be  derived  from  a  constant-speed  motor  with  this 
type  of  machine.  Radial  drills  may  be  considered  to  present  the 
same  requirements  as  upright  drills.  There  is  an  additional  reason 
why  radial  drills  should  be  motor-driven— they  are  often  used  in  the 
neighborhood  of  the  assembling  lloor. 

When  the  work  for  boring  machines  Is  specialized  and  the  machines 
perform  only  one  operation,  there  is  no  good  reason  why  motor  drive 
should  be  preferred  to  belt  drive.  Where,  however,  the  machine  Is 
used  for  a  multiplicity  of  operations,  such  as  drilling,  boring,  reaming 
and  facing,  a  motor  drive  Is  beneficial  IT  a  variable-speed  motor  is 
used.  The  range  of  speed  of  the  motor  should  be  as  wide  as  possible, 
so  that  no  gears  may  have  to  be  shifted  for  the  entire  set  of  operations 
on  a  single  hole.  Especially  where  a  boring  machine  is  used  for  rac- 
ing, this  variable  speed  will  be  found  highly  economical. 


Grind  ere 


Grinders,  in  general,  require  so  man 
countershafts  that  it  Is  hardly  possi*1 
to  the  machine;   the  best  that  cai 
shaft  to  the  machine  and  ilrlv    il 


driven  from 
motor  directly 
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the  floor  or  on  a  bracket  attached  to  the  machine.  In  isolated  cases 
it  would  be  well  to  have  one  or  more  motors,  each  controlling  a  single 
operation,  attached  directly  to  the  machine. 

Planers,  Shapers,  Blotters 

Planers  in  general  are  not  benefited  by  the  application  of  a  motor, 
as  the  motor  only  complicates  the  difficulties  of  a  planer  drive. 
However,  large  planers  which  must  be  placed  under  a  crane  give 
better  results  when  motor-driven  on  account  of  the  facility  of  handling 
the  work.  Another  possible  advantage  when  using  a  variable-speed 
motor  and  controlling  the  speed  of  the  motor  at  the  end  of  the  stroke 
is  that  much  higher  return  speeds  can  be  obtained  in  connection 
with  any  desired  cutting  speed.  What  is  true  of  planers  is  also  true 
of  shapers  and  Blotters.  Local  conditions  may  make  it  advisable  to 
drive  them  individually  by  motor,  but  generally  speaking,  there  are 
no  great  advantages  to  be  gained  with  this  drive. 

Milling  Machines 

The  larger  sizes  of  knee-and-column  type  machines,  if  motor-driven, 
will  give  the  best  results  if  the  motor  is  of  the  variable-speed  type, 
especially  where  these  machines  are  used  for  gang  work.  This  Is 
due  to  the  fact  that  the  speed  of  the  mills  is  dependent  on  the  largest 
cutter  in  the  gang,  while  the  feed  is  dependent  on  the  smallest  cutter, 
not  counting  the  limitations  due  to  the  nature  of  the  work.  It  is  there- 
fore important  that  the  speed  should  be  as  close  to  the  permissible 
limit  as  possible.  When  applied  to  this  type  of  milling  machine,  the 
motor  should  be  as  low  down  as  possible,  as  vibrations  in  the  machine 
have  a  marked  effect  on  the  quality  of  the  finish.  In  practically  all 
cases  the  planer  type  of  milling  machine  should  be  motor-driven,  in 
order  that  it  may  be  located  under  a  crane.  It  is  not  so  very  impor- 
tant, however,  whether  the  motor  is  of  the  constant-speed  or  variable- 
speed  type. 

Punches,  Bending  Rolls,  Shears,  etc. 

This  class  of  machinery,  used  largely  for  boiler,  bridge,  structural 
iron  and  ship-building  work,  is  generally  placed  in  high  shops  and 
under  cranes,  and  in  locations  and  directions  most  convenient  for 
the  routing  of  the  work.  The  shops  in  which  it  is  placed  are  generally 
large  and  contain  a  relatively  small  amount  of  machinery,  so  that  the 
amount  of  transmission  gearing  required  is  large  in  proportion  to  the 
amount  of  machinery.  It  is  for  this  reason  advisable  in  almost  all 
cases  to  drive  this  class  of  machinery  by  an  electric  motor,  which,  of 
course,  does  not  need  to  be  of  the  variable-speed  type. 
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Electrical  wiring  on  the  motor-driven  machines  furnished  by  even 
the  best  manufacturers  Is  too  often  poorly  arranged  and  inefficiently 
installed.  This  is  because  the  wiring  is  not  considered  when  the 
machine  is  designed.  Its  installation  is  usually  left  to  Borne  workman 
wbo  does  the  best  he  can.  The  wiring  and  arrangement  of  the  control 
apparatus  should  be  laid  out  in  the  drafting- room.  This  chapter  dis- 
cusses the  best  methods  of  machine  wiring,  describes  the  materials 
used,  and  gives  concrete  directions,  rules  and  tables  for  wiring  motor- 
driven  machinery. 

One  industrial  corporation  which  purchases  many  motor-driven  ma- 
chines Incorporates  the  following  clauses  In  the  specifications  for  all 
sucb  equipments: 

1.  The  machine  manufacturer  shall  mount  the  motor  and  control- 
ling devices  on  the  machine  so  that  tbey  shall  form  a  part  thereof, 
and  shall  wire  between  them  as  hereinafter  noted. 

2.  The  controlling  apparatus  shall  be  conveniently  arranged  for 
manipulation  by  the  machine  operator. 

3.  All  wiring  shall  be  installed  in  accordance  with  the  regulations 
of  the  National  Electrical  Code.. 

4.  All  wiring  shall  be  carried  in  wrought-lron  conduit  or  in  metal 
conduit  fittings.  These  shall  be  firmly  attached  to  the  frame  of  the 
machine. 

5.  So  far  as  possible,  all  "live"  bare  metal  parts  shall  be  enclosed 
with  metal  covers. 

It  was  found  desirable  to  makes  these  requirements  because  of  the 
awkward  practice  prevailing  in  this  respect  among  machine  builders. 
Frequently,  the  builder  of  the  motor-driven  machine,  although  he 
carefully  mounted  the  motor  and  arranged  the  drive  between  the  ma- 
chine and  the  motor,  would  fall  to  mount  the  motor-starter  or  con- 
troller on  the  machine.  If  he  did  mount  it  on  the  machine,  In  the 
great  majority  of  cases  he  would  either  provide  no  wiring  between 
the  motor  and  the  controller,  or  Install  the  wiring  In  such  a  care- 
less, unbusinesslike  manner  that  it  would  have  to  be  reinstalled. 
Usually,  the  machine  builder  makes  an  extra  charge  for  arranging  the 
wiring  in  accordance  with  the  above  specifications;  but  It  was  found 
that  the  work  was  done  better  and  more  cheaply  by  the  builder  than 
by  the  wire-men  at  the  plants  where  the  machines  were  Installed. 
At  the  present  time,  when  motor-driven  machinery  Is  so  generally  used, 
machine  builders  are  paying  more  attention  to  the  electrical  details; 
but  there  is  still  much  to  be  desired,  in  the  followl-r- 
Bome   practical    information    that   may   be   of   va 
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desiring  to  arrange  and  install  the  wiring  on  their  machines  as  ef- 
ficiently as  possible.  It  is  believed  that  good  wiring  will  be  appre- 
ciated by  the  purchaser. 

Rule  No.  1  in  the  specifications  given  states  that  when  the  machine 
is  direct-driven  the  motor  and  controller  should  be  considered  as  a 
part  of  the  machine.  Obviously,  they  are  just  as  much  so  as  is  a 
gear.  If  possible,  the  complete  equipment  should  be  shipped  so  that, 
after  setting  up,  it  will  only  be  necessary  for  the  plant  electrician  to 
run  a  pair  of  wires  to  put  the  machine  in  service.  For  large  machines, 
which  must  be  dismantled  for  transportation,  the  motor  and  con- 
trolling equipment  must  be  shipped  separately,  and  it  may  be  necessary 
to  dismount  the  conduit  carrying  the  electrical  conductors;  but  if  the 
wiring  has  been  properly  connected  and  the  conduit  strapped  to  the 
machine  in  the  erecting  shop,  it  can  easily  be  reinstalled.  Thus,  cranes, 
which  have  complicated  wiring,  can  be  taken  apart,  shipped,  re- 
erected  and  rewired  with  very  little  difficulty. 

The  desirability  of  the  requirements  of  Rule  No.  2  is  so  obvious  as 
to  need  no  discussion. 

Rule  No.  3  requires  that  all  wiring  be  installed  in  accordance  with 
National  Electrical  Code  regulations.  Standard  fire  insurance  policies 
require  that  the  electrical  work  in  all  plants  having  insurance  pro- 
tection be  installed  in  accordance  with  these  regulations.  It  has 
taken  many  years  to  mold  the  regulations  into  their  present  excellent 
form,  and  they  are  revised  constantly  to  keep  abreast  with  the  ad- 
vances in  the  art.  It  is  therefore  essential  that  machines  which  are 
to  be  installed  in  plants  carrying  fire  insurance,  be  wired  in  accord- 
ance with  the  Code.  Even  if  insurance  is  not  carried,  it  is  advisable 
to  follow  these  rules,  as  they  outline  a  substantial  and  safe  method 
of  wiring.  A  copy  of  The  National  Electrical  Code  will  be  supplied 
free  to  any  one  making  request  to  the  local  Fire  Underwriters'  Inspec- 
tion Bureau  or  to  the  Underwriters'  Laboratories,  Chicago,  111. 

Rule  No.  4  requires  that  wiring  be  installed  in  wrought-iron  conduits 
or  in  metal  conduit  fittings.  It  costs  several  times  as  much  to  run 
wiring  in  metal  conduit  (the  properties  of  conduit  are  given  in  Table 
XII)  as  to  arrange  it  without  mechanical  protection.  However,  it  is 
only  the  first  cost  of  conduit  wiring  that  is  high.  When  placed  in 
conduit  the  wiring  is  done  once  for  all;  there  is  no  future  trouble 
from  broken  wires,  grounds  or  short  circuits,  due  to  abraded  in- 
sulation. When  arranged  with  conduit  wiring,  the  machine  is  easier 
to  keep  clean  and  looks  neater.  The  conduit  fittings  (which  will  be 
described  later)  are  used  at  points  where  wires  issue  from  the  conduit 
or  where  a  turn  in  the  conduit  run  is  necessary  and  it  is  not  desired 
to  bend  the  conduit.  In  general  construction,  they  somewhat  resemble 
screwed  pipe  fittings,  but  they  are  always  arranged  with  removable 
covers  so  that  the  wire  is  easily  accessible.  Conduit  and  fittings  are 
attached  to  machine  frames  with  either  pipe  straps  (Table  XV)  or 
machine  screws,  as  will  be  described. 

Rule  No.  5  requires  that  all  "live"  bare  metal  parts  be  enclosed 
within   metal   covers.     It  is   usually   feasible   to  enclose   these  parts. 
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Such  enclosure  prevents  metallic  chips  from  forming  grounds  or  short 
circuits  and  renders  shock  to  attendants  impossible.  With  the  voltages 
at  which  machine  motors  are  usually  operated,  a  shock  is  not  often 
fatal,  but  one  hears  of  cases  where  men  have  been  killed  from  contact 
with  220-volt  circuits.  At  any  rate,  an  electrical  shock  is  unpleas- 
ant, and  If  there  is  a  possibility  of  receiving  one  the  attendant  is 
likely  to  be  cautious  and  waste  time.  Fire  risk  Is  reduced  by  enclos- 
ing '"live"  parts.  Although  the  Underwriters  do  not  require  enclosure 
they  commend  it.  The  electrical  manufacturers  appreciate  the  de- 
mand for  enclosed  apparatus,  and  it  is  now  possible  to  buy  standard 
starters  and  controllers,  for  nearly  all  applications,  that  are  well  pro- 
tected and  so  arranged  that  conduit  wiring  can  be  readily  Installed. 
Wire  for  Motor  Application 

The  size  Of  wire  to  use  for  transmitting  electrical  energy  (in  low- 
voltage  work  Buch  as  that  involved  in  Industrial-plant  wiring)  is 
determined  by  two  requirements,  viz.,  the  cross-sectional  area  must  be 
large  enough  to  carry  the  current  required  without  getting  too  hot. 
but  must  not  be  so  large  as  to  cause  an  excessive  drop  in  voltage — 
electrical  pressure — and  consequent  energy  loss.  However,  the  dis- 
tances involved  in  wiring  machinery  are  so  short  that  the  latter  re- 
quirement may  be  disregarded  altogether.  The  only  demand  is,  then, 
that  the  wire  be  big  enough  to  obviate  excessive  heating. 

The  National  Electrical  Code  specifies  that  all  concealed  wires  shall 
be  rubber- in  aula  ted  and,  in  addition,  that  all  wires  carried  in  conduit 
shall  have  a  double-braid  covering.  All  standard  rubber-covered  wires 
used  for  voltages  above  10  and  below  600  have  the  same  thickness  of 
insulation.  Copper  wire  is  almost  universally  used  for  Interior  wir- 
ing. Therefore,  If  the  voltage  of  the  motor  is  below  600,  wire  for  the 
installation  should  be  specified,  for  example,  thus:  No.  6  National 
Electrical  Code  Standard,  0-600  volts,  double-braid,  stranded,  copper 
wire.  The  size  of  wire,  and  whether  it  is  to  be  solid  or  stranded,  is 
determined,  as  will  be  explained,  by  the  horsepower  output  of  the 
motor. 

So  that  wire  in  service  will  not  be  dangerously  overheated,  the 
Underwriters  have  specified  a  certain  safe  current-carrying  capacity 
for  each  size  of  wire  and  for  wireB  having  different  insulating  ma- 
terials. In  Table  X  are  given  the  safe  current-carrying  capacities  for 
all  sizes  of  rubber-covered  wire  that  the  machine  builder  is  likely  to 
use.  The  sizes  listed  are  all  commercial  ones  and  are,  as  a  rule, 
readily  obtainable.  When  the  current  or  amperes  taken  by  any  motor 
Is  known,  the  size  of  wire  to  be  used  can  be  ascertained  from  Table  X, 
Although  Nos.  IS  and  16  wires  are  listed  in  the  table,  the  Under- 
writers io  not  permit  the  use.  for  applications  such  as  herein  treated, 
of  any  wire  smaller  than  No.  14.  It  will  be  noted  that  the  wires 
between  No.  IS  and  No.  S,  inclusive,  are  tabula1  ose 

larger  than   No.   8  as  "stranded."     Solid   wii  4 

conductor,  while  the  conductor  In  stranded 
several  or  many  wires  of  relatively  smal' 
are  sometimes  called  cables.     It  is  the  usi 
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to  specif;  that  wires  larger  than  No.  8  be  stranded,  because,  if  solid, 
they  are  too  stiff  to  be  handled  and  pulled  into  the  conduit  readily. 
Solid  wires  can  be  obtained,  If  desired,  in  sixes  much  larger  than  No. 
8  and  these  are  much  used  In  "open-work"  wiring.  The  numbers  ot 
wires  In  a  strand  given  represent  the  practice  of  some  manufacturers, 
but  other  manufacturers  have  different  standards.  They  vary  little, 
however,  from  those  shown.  As  a  rule.  It  Is  not  desirable  to  specify 
the  "number  of  wires  In  strand"  when  ordering,  as  the  dealer  may 
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not  be  able  to  furnish  just  the  stranding  designated  from  his  stock. 
Any  stranded  wire,  for  conduit  work,  will  answer  the  purpose,  and 
the  use  of  stock  sizes  will  obviate  delay. 

The  size  of  wire  to  use  for  machine  wiring  Is  determined  by  tha 
current  (amperes)  only.    The  current  taken  by  any  motor  mar  r 
be  computed  from  rules  given  In  electrical  handbooks.     If 
is  available,  Its  exact  full-load  current  is,  In  accordance 
rule,  stamped  on  Its  name-plate.    If  the  motor  Is  not  ' 
load  current  value,  accurate  enough  for  the  present  I 
from  Table  XI.     It  should  be  understood  that  the 
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nn  averages  and  may  vary  somewhat  from  name-plate  ratings.  Dif- 
ferent makes  of  motors  of  the  same  horsepower  have  different  ef- 
ficiencies and,  with  alternating-current  motors,  different  power  factors, 
and  both  these  appreciably  affect  the  amount  of  current  taken.  The 
figures  given  in  Table  XI  indicate  the  current  in  each  wire.  That  is, 
they  show  the  number  of  amperes  flowing  through  each  of  the  two 
wires  to  a  direct-current  or  to  a  single-phase  alternating-current 
motor,  through  each  of  the  four  wires  to  a  two-phase  alternating- 
current  motor,  or  through  each  of  the  three  wires  to  a  three-phase 
alternating-current  motor. 

Having  found  the  current,  in  amperes,  taken  by  a  motor,  the  size 
of  wire  to  be  used  cannot  be  selected  without  first  considering  another 

(IN   AMPERES) 
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point     National   Electrical   Code.  Rule   8b.   reads,   in  part,   as  follows: 

■The  motor  leads  or  branch  circuits  must  be  designed  to  carry  a  cur- 

■ent  at  least  25   per  cent   greater  than   that   for   which   the   motor   Is 

rated.     Where  wires  under  this  rule  would  be  over-fused  in  order  to 

provide  for  the  starting  current,  as  in   the  case  of  many   alternating- 

■urrent  motors,  the  wires  must  be  of  such  size  as  to  be  properly  pro- 

ected  by  these  larger  fuses."    The  machine  builder  has  no  means  of 

snowing   what  size   fuses   the   purchaser  of  his  appliance  will   use,  so 

-est  thing  he  can  do.  ordinarily,  is  to  provide  wires  capable 

"  25  per  cent  more  current   than  the   full-load  rating 

ion.    The  wire  size  is,  then,  selected  on  this  basis. 

that  a  10-H.    P.,  220-volt,  three-phase 

'o  Table  XI,  we  find  that  this  motor  takes 
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about  25  amperes  when  operating  at  full  load.  To  allow  for  a  25 
per  cent  excess  current,  in  accordance  with  the  Code  rule,  an  estimate 
is  made  thus:  25  X  1.25  =  31  amperes  (about).  Referring  to  Table 
X,  a  No.  8  (solid)  wire  which  has  a  safe  carrying  capacity  of  33 
amperes  is  the  smallest  that  can  be  used. 

The  insulation  on  rubber-covered  wire  deteriorates  very  rapidly 
under  the  action  of  heat,  so  if  it  is  necessary  to  install  conductors 
where  they  will  be  subjected  to  high  temperatures,  wire  having  "slow- 
burning"  insulation  should  be  used.  Such  wire,  if  enclosed,  must  be 
(according  to  the  Code)  in  "lined"  conduit  This  conduit  is  described 
under  the  following  heading. 

Conduit  for  Motor  Application  Wiring 

Wrought-iron  conduit  is  merely  standard-weight  steel,  or  possibly 
in  some  cases  wrought-iron  pipe,  which  has  been  thoroughly  cleaned 
to  remove  burrs  and  scale,  and  then  either  enameled  or  coated  with 
zinc.  Cor\duit  which  meets  the  requirements  of  the  National  Electrical 
Code  and  which  has  been  approved  by  an  Underwriters'  inspector, 
is  called  National  Electrical  Code  standard  conduit  or  N.  E.  C.  S. 
conduit  In  Table  XII  are  given  the  principal  dimensions  of  com- 
mercial N.  E.  C.  S.  conduit,  elbows  and  couplings.  Conduit  is  fur- 
nished only  in  lengths  of  ten  feet  Electrical  conduit  is  threaded 
with  standard  pipe  threads  and  standard-weight  screwed  pipe  fittings 
will  fit  it 

In  addition  to  the  "unlined"  conduit,  described  above,  a  "lined" 
conduit  is  manufactured  which  has  a  relatively  thick  insulating  lining. 
The  lined  conduit  is  seldom  used  as  it  is  more  expensive  than  the  un- 
lined and  the  latter  has  given  entire  satisfaction.  The  insulating 
lining  appears  to  be  unnecessary,  as  the  rubber  insulation  on  stand- 
ard wire  provides  excellent  protection. 

Although  its  use  would  be  prohibited  by  the  Underwriters,  there 
is  really  no  objection  to  using  commercial  wrought-iron  pipe  instead 
of  conduit  for  wiring  machines.  Such  pipe  should  be  carefully  cleaned 
inside  and  out  and  every  precaution  taken  to  make  sure  that  there 
are  no  burrs  or  slivers  on  the  inside  of  the  pipe  which  might  cut 
insulation  on  wires.  After  the  pipe  is  painted,  it  is  almost  impossible 
to  distinguish  it  from  conduit. 

Conduit  elbows  are  formed  from  conduit  to  the  dimensions  indicated 
in  Table  XII.  The  smaller  sizes  of  conduit  can  be  bent  cold  to  any 
desired  contour,  but  it  requires  some  skill  to  do  the  bending.  Conduit- 
bending  machines  are  obtainable  and  their  installation  pays  if  there 
is  much  wiring  to  be  done.  Both  power-  and  hand-operated  types  are 
manufactured.  Couplings  for  conduit  are  exactly  the  same  as  screwed 
couplings  for  standard-weight  pipe,  except  that  the  former  are  either 
enameled  or  coated  with  zinc  and  have  a  better  finish. 

After   determining   the   proper   size   of   wire   to   use   for  supplyimc 
energy  to  a  given  motor,  the  size  of  conduit  to  carry  it  can  be  N>' 
from  Table  X.     The  sizes  theretabulated,   for  the  different  P 
wire,  have  been  chosen  as  the  result  of  much  experience  wiUr 
wiring.    They  are  sufficiently  large  to  allow  wires  to  be  dri 
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out  without  the  application  of  excessive  force.  It  1b  a  common  error 
to  choose  a  conduit  size  so  small  that  the  wires  must  be  pulled  In 
with  blocks  and  tackle.  If  this  Is  done,  the  insulation  ts  likely  to 
be  Injured  and  withdrawal  may  be  Impossible. 

Conduit  Fittings  and  Sundries 
Where  wires  emerge  from  conduit  ends,  the  Code  requires  that  pro- 
vision be  made  so  that  a  possible  burr  on  the  Inside  of  the  conduit 
will  not  abrade  the  insulation  on  the  wires  when  they  are  being  drawn 

TABLE  xm.    DIMENSIONS  OF  CONDUIT  tHTSHINGB 
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in  or  out.  Conduit  ends  may  be  protected  either  by  a  bushing,  such 
as  shown  In  the  engraving  accompanying  Table  XIII,  or  by  a  fitting; 
of  one  of  the  types  shown  In  Fig.  14,  equipped  with  a  porcelain  cover. 
Fig.  12.  The  bushing  should  be  used  when  the  conduit  terminates 
within  an  enclosed  outlet,  junction,  or  panel  box  (see  Fig.  13)  which 
may  be  made  of  either  cast  or  sheet  iron.  The  dimensions  given  in 
Table  XIII  will  prove  useful  In  Indicating  what  clearances  are  required 
for  screwing  the  bushing  on  the  end  of  the  conduit  and  will  also 
assist  In  determining  the  locations  for  the  conduit  holes. 

Outlet  boxes   usually    have    unthreaded    holes    for   the  conduit,   as 
indicated  in  Fig.  13,  but  where  a  waterproof  Installation  is  essential, 
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T*BLE  XIV.     DIMENSIONS  OF  CONDUIT  LOCK-NTTIS 
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the  holes  should  be  threaded.  When  the  holes  are  unthreaded,  a  lock- 
nut  (shown  with  Table  XIV)  Is  run  on  the  end  of  the  conduit  and, 
after  the  bushing  Is  screwed  to  position,  the  lock-nut  la  turned  up 
snugly  against  the  side  of  the  box,  binding  the  conduit  firmly  In 
position.  It  should  be  understood  that  the  dimensions  given  In  Tables 
XIII  and  XIV  for  bushings  and  lock-nuts  are  accurate  (or  only  one 
manufacturer's  line.  There  are  several  different  makes  available,  but 
all  will  measure  approximately  the  same  as  those  shown. 

The  application  of 
conduit  fittings  can 
best  be  shown  by  an 
example.  In  Fig.  16 
Is  illustrated  a  motor- 
driven  open-side 
planer  with  the  wir- 
ing between  the 
starter  and  the  motor 
neatly  carried  in  con- 
duit At  the  motor 
terminal  the  con- 
ductors issue  through 
a  fitting,  which  is  of 
the  type  shown  In  Fig. 
14  at  0,  equipped  with 
the  cover  shown  In 
Fig.  12  at  B.  The  con- 
duit fittings  are  so 
made  that  any  style  of 
cover  of  a  given  pipe 
size  will  fit  any  cast- 
iron  fitting  of  corre- 
sponding pipe  slse. 
The  covers  are  held  on 
with  brass  screws.  In 
Fig.  17  is  shown  an 
arrangement  of  fit- 
tings that  might  be 
used  with  the  type 
of  starting  panel 
shown  In  Fig.  15,  If  the  motor  were  located  below  Instead  of  above 
the  panel.  It  will  be  noted  that  where  "elbow"  fittings  (O  and  H. 
Fig.  14)  are  arranged  with  metal  covers,  they  are  effectively  used  at 
turns  In  the  conduit  run.  Instead  of  bends  or  wrought-lron  elbows. 
Fig.    IS   Illustrates   further   applications   of   conduit- fitting   elbows. 

A  very  convenient  feature  of  the  fittings  shown  In  Fig.  14  Is  the 
provision  of  a  headless  set-screw  in  the  throat.  By  means  of  this 
set-screw  It  Is  possible  to  secure  a  conduit  end  firmly  in  a  fitting 
even  If  the  threading  on  the  conduit  is  faulty  or  if.  because  of  a 
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bend  In  the  conduit,  It  does  not  set  up  tightly  in  the  fitting, 
in  its  proper  position.  In  this  type  of  lifting,  conduit  can  be  secured 
without  being  threaded  at  all.  The  set-screw  provides  ample  at- 
lachiuent,  if  conduit  and  fittings  are  firmly  fastened  to  a  supporting 
surface,  as  they  usually  are  on  machinery.  Nor  Is  it  necessary  to 
thread  conduit  running  Into  fittings  like  that  in  Fig.  16.  An  un- 
threaded end  of  a  conduit  length  is  Inserted  in  the  nipple,  the  nut  is 
tightened,  and  the  conduit  is  secured.  The  threaded  portion  of  the 
nipple  is  split  and  tapered.  These  fittings  possess  several  advantageous 
Being  of  sheet-steel,   they  are   unbreakable.     The   fact  that 


.  l*.    Ttp« 


•  ach  fitting  has  several  "knock-out"  holes  makes  possible  a  great 
number  of  combinations  from  a  comparatively  small  slock  of  fittings 
and  covers. 

Supporting1  Conduit  Wiring 

Obviously,  conduit  carrying  conductors  should  be  so  securely  sup- 
ported that  there  can  be  no  chance  of  its  being  displaced  under  reason- 
able conditions.  Pipe  straps,  formed  from  3heet-steel  and  then  gal- 
vanized, such  as  those  shown  with  Table  XV,  are  most  frequently  used 
for  supporting  conduit,  as  shown  in  Figs.  15,  17  and  18.  The  dimen- 
sions given  in  Table  XV  will  be  found  useful  in  making  clearance  al- 
lowances and  In  determining  the  locations  for  the  tapped  holes  for  the 
round  headed  machine  screws,  with  which  the  straps  are  Fastened. 
The  dimensions  in  Table  XV  are  accurate  only  for  the  lines  of  certain 
manufacturers,  but  will  be  approximately  correct  for  all  makes. 

Another  good  method  of  supporting  conduit  runs  is  by  fastening 
the  fitting  to  the  machine  frame  with  machine  screws,  as  shown  in 
Figs.  13  and  19.     The  screws  pass  through  a  hole  drilled  la  I 
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Fi(.   16.     Op«-aida  Plmer  with  Wall>VTUf»d  Wiring 
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It  is  often  feasible  to  support  a  complete  conduit  installation  by  this 
method  and  thereby  entirely  avoid  the  use  of  pipe  straps.  This 
sort  of  a  job  presents  a  neat  appearance. 
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Motors  Arranged  for  Conduit  Wiring 

When  it  is  specified  that  the  "motor  shall  be  arranged  for  conduit 
wiring,"    certain    motor    manufacturers    will    provide,    without    extra 

charge,  a  metal  ter- 
minal box,  with  a  re- 
movable cover,  around 
the  motor  terminals. 
A  motor  so  arranged 
is  shown  in  Fig.  18. 
Such  a  terminal  box 
permits  of  the  best 
possible  installation, 
and  through  its  pres- 
ence a  conduit  fitting, 
like  that  at  the  motor 
in  Pig.  15,  can  be  dis- 
pensed with.  A  hole 
is  provided  in  the  ter- 
minal box  and  the 
conduit  i3  terminated 
with  a  bushing  in  the 
hole. 

Switches 

It  is  required  by  the 
National  Electrical 
Code  that  every  motor 
and  starting  box  be 
protected  by  a  double- 

Fif.   17.     A  Neatly  Wired  Btartinr  Panel  pole   cut^ut    (fuses  or 

circuit  breaker)  and  controlled  by  an  indicating  switch  that  plainly 
indicates  whether  the  circuit  is  open  or  closed.  For  motors  exceeding 
in  capacity  %  horsepower,  a  double-pole  switch  is  required,  but  a 
single-pole  switch  may  be  used  for  smaller  ones.  It  is  always  advis- 
able, however,  to  use  the  double-pole  type,  as  through  its  use  both 
sides  of  a  circuit  are  rendered  dead  when  the  switch  is  open. 

For  handling  currents  up  to  20  amperes,  or  thereabout,  the  best 
switch  to  use  is  of  the  indicating-snap  type,  shown  in  Fig.  20.  This 
type  can  readily  be  obtained  as  either  single-pole,  for  direct-current 
and  single-phase  alternating-current  motors,  or  triple-pole  for  three- 
phase  motors.  All  "live"  parts  are  effectively  enclosed  in  a  formed 
sheet-metal  coyer  (Fig.  20)  which  is  lined  with  an  insulating  material. 
By  unscrewing  the  composition  handle,  the  cover  can  be  auickly  re- 
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moved  for  making  connections.  Wires  enter  the  switch  through 
holes  In  the  back  or  the  porcelain  base.  A  revolving  dial,  bearing  the 
legends    "On"   and    "Off,"   Indicates   whether   the    switch    Is  open    or 

An  In dica ting-snap  switch  mounted  on  a  conduit  fitting  as  shown 
in  FIr.  21  makes  a  rugged  and  safe  switching  combination.  All 
wires  and  "live"  parts  are  completely  enclosed.  Some  manufac- 
turers make  conduit  fittings  especially  designed  for  carrying  switches; 

TABLE    XT.    DIMENSIONS    OF    PIPE    ST2AH 
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but  an  equivalent  fitting  may  be  assembled,  as  shown  In  Fig.  14  at  K, 
with  the  components  A.  and  J.  or  with  J  and  any  other  piece  shown  In 
Fig.  14. 

For  handling  currents  above  20  amperes,  open-knlfe  switches  are 
commonly  used.  The  open  type  Is  used  because  (so  far  as  the  writer 
Is  aware)  no  enclosed  knife  switch  is  regularly  manufactured.  These 
open  switches  are  best  mounted  close  to  the  motor  starter.  Con- 
trollers and  starters,  as  will  be  outlined  later,  can  be  purchased  with 
the  line  switches  mounted  directly  on  them,  as  Indicated  in  Figs.  15 
and  17.     Such  combinations  are  called  starting  or  controlling  panels. 
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inasmuch  as  the  branch  wires  are  usually  smaller  than  the  main 
wires  and  the  Code  requires  the  Installation  or  a  cut-out  wherever 
there  is  a  decrease  In  wire  size. 


Motor  Controllers  and  Starters 
regularly  furnished  by  the  motor  manufacturers 


Motor 
ire  of  the  open  type  shown  In  llne-cu 


Pig.  15.     By  "open  type"  t 


Ffj.    21.      A    Motor-driYim    Bhmper    with    Con 

a   type   which   does   not   have   Its   ' 
These   open    starters    have    given 
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'  parts  protected  by  a 
will   give  entire  satis- 
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faction  In  places  where  ft  ts  reasonably  clean.  But  wk  p^iva*.*:-.* 
concerns  prefer  to  have,  in  ao  Car  as  bomtMj.  all  -^I-ctrical  apparatus 
enclosed,  and  It  is  bettered  that,  all  thing*  considered,  this  i;  UjKiilly 
the  most  economical  method,  although  th*  !m  cost  of  linelo&ed  equip- 
ment is  a  trifle  higher.  An  enclosed  starter  i*  ifcowa  is  Fig.  ;i  I: 
consists  merely  of  a  standard  often  starter  £tt«d  -*irh  a  cover  »b.U'h 
encloses  all  "live"  parts,  and  has  a  semi-circular  slot  for  the  operating 
handle.  Most  of  the  electrical  mannfactnring  concern;  ta%-e  star.i- 
ardfxed  and  are  prepared  to  furnish  enclosing  covers  for  thrfr  evstrtf 
M]uipmpnL     Snch  a  cover  makes  ft  difnc-jlt  for  the  n=a'jth<jrlz^d  to 
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tamper  with  the  adjustment  of  the  starter,  keeps  it  i'l« 
liability  to  shock  and  prevents  grounds  or  short  cireuits 
metal  chips. 

The  purchaser  of  an  enclosing  cover  for  a  starter  shou 
it  enclose  not  only  the  dial-contacts,  bul  also  the  torn 
starter.  Certain  manufacturers  will  furnish  a  cover  thu 
the  dial  and  not  the  terminals,  unless  specifieally  direr ■ 
nil  bare  current-carrying  parts   should   be   enclosed. 

In  Fig.  24  is  detailed  an  excellent  enclosing  cover  ill. 
plied  to  standard  starters.  Instead  of  being  slotted  for 
handle  as  is  the  one  shown  in  Fig.  21,  a  better  const™ 
An  auxiliary  operating  handle  ant  arm  is  mounted  on 
the  end  of  this  arm  is  an  insulating  fork  which  engages 
arm  when  the  cover  Is  in  its  normal  position,  and  thus 
movements  of  the  operating  handle  to  the  controller  ami 
of  a  slot  In  the  cover  makes  the  starter  dust-proof.  1 
are  completely  enclosed  and  a  removable  piece  that  run 
altogether,  for  the  admittance  of  wires,  or  drilled   for  .-. 
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vlded  above  the  terminals.  When  tills  cover  Is  applied  to  the  stand- 
ard controller  the  old  controller  handle  Is  removed. 

Sometimes  a  circuit-breaker  le  substituted  for  the  switch  on  a 
starting  panel,  as  shown  in  Pig.  25.  A  circuit-breaker  Is  one  type 
of  cut-out.  It  opens  a  circuit  automatically  when  a  current,  of  a 
value  for  which  it  is  set,  flows  through  It  It  can  also  be  opened 
manually  by  releasing  a  catcb.  Circuit-breakers,  of  reliable  types,  are 
considerably  higher  in  first  cost  than  a  switch-fuse  combination,  but 
in  the  long  run  they  are  more  economical.  The  reasons  for  this  are: 
First,  fuse  renewals,  which  are  relatively  expensive,  are  not  required; 
and  second,  the  cost  of  labor  wasted  while  fuses  are  being  replaced, 
is  saved. 

The  panel  in  Fig.  25  is  shown  without  enclosing  covers  so  that  its 
construction  will  be  apparent;  but  it  Is  made  wftb  covers  whtcb 
expose  only  the  circuit-breaker  and  starting-rheostat  operating  handles. 


Fif.    E8.      Wirinj   Ding-run    for   Motor-drivtn   Michlnsi 

Some  manufacturers  enclose  panels  like  that  of  Fig.  25  In  sheet-metal 
steel  boxes  having  hinged  doors,  but  this  Is  not  a  satisfactory  ar- 
rangement fur  machinery  applications,  because,  to  operate  the  starter 
or  manipulate  the  switch,  the  attendant  must  open  the  door. 
is  awkward  and.  In  case  of  accidents,  when  the  motor  should  be  stop] 
without  delay,  prevents  quick  action.  The  consequence  is  that 
door  is  usually  left  open  or  is  taken  off  altogether. 

As  previously  mentioned,  motors  on  machines  are  frequently 
tec  ted  by  branch-fuses  located  at  the  supply  circuit  as  shown  at 
in  Fig.  23.  and  a  circuit-breaker  or  a  starting  pane!  provides  addltll 
protection.  However,  the  circuit-breaker  should  be  set  to  trip 
smaller  current  than  will  rupture  the  fuses.  The  circuit-breaker 
the  brunt  of  an  overload  and  operates  instantaneously,  saving  th< 
of  fuse  renewals.  As  the  economies  of  circuit-breaker  appllcatloi 
becoming  better   understood   th^y   arc  becoming   more  popular. 
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large  industrial  corporations  specify  them  on  every  motor  Martini:  or 
controlling  panel. 

Drum  controllers  with  external  resistances  are  deservedly  becoming 
very  popular,  particularly  Tor  variable-speed  control.  Id  Fig  IS  Is 
shown  drum-controller  applications.  The  drum  controller  receives  Its 
name  from  the  tact  that  contact  Is  made  between  stationary  Augers 
and  rotating  segments  mounted  on  a  drum.  All  the  parts  can  be 
made  very  rugged  and  can  be  so  arranged  as  to  be  readily  removable 
tor  renewal  and  repair.  The  resistance  is  arranged  in  a  separate 
frame  which  can  be  provided  with  an  enclosing  cover  and  arranged 
for  conduit  wiring  as  shown  in  Fin.  18.  The  drum  usually  contains 
only  the  contact-making  mechanism.      It  is  believed  that  a  drum  con- 


troller is  preferable  in  every  way  to  one  of  the  dial  type,  which  has 
i  buttons  arranged  on  the  lace  of  an  insulating  panel  and  a 
swinging  arm  to  make  electrical  contact  with  them. 

Often  tin*  drum  controller  is  mounted  conveniently  near  the  motor 
A  nr  the  lathe.     The  controlling  handle,  whereby  the  lathe 
Is  started,  otoppo-d    or  baa  its  speed  varied,  is  attached  to  and  travels 
willi    the    aproB,  ll    always    handily    located    for    operation 

The    hand  tied    shaft   so  arranged 

that   when    ■  -urn  ,  -i    . 

he  and  motion  Is  transmitted  from 
i  chain.     It  will 
^Hffler  can  be  easily  removed 
by  . 
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Enclosing  Motors 
Motors  can  be  furnished  cither  open,  semi-enclosed  or  fully  enclosed. 
A  fully  enclosed  motor  of  a  Riven  horsepower  and  speed  costs  more 
than  a  semi -enclosed  or  an  open  one.  because  a  large  frame  la  needed 
for  the  enclosed  type.  The  power  capacity  of  a  motor  depends  largely 
on  Its  ability  to  dissipate  the  heat  generated  within  it,  and  If  It  It 
enclosed,  the  heat  Is  dissipated  with  difficulty.  To  reduce  the  quantity 
of  heat  generated,  the  parts  must  be  proportioned  more  generously; 
hence  the  necessity  for  larger  frames  for  enclosed  motors.  Motors 
seldom  need  to  be  fully  enclosed  unless  they  are  to  operate  In  very 
dirty  places,  or  In  other  special  cases.  A  gauze  enclosure  such  as  .that 
indicated  in  Fig.  21  Is  satisfactory  for  most  machinery  applications. 


Fl|.   ti 


Circuit- 


Staxtilic    Panel 


Clause  or  wire-net  tins  enclosing  cove 
wry  little.  If  any.  The  use  of  such  ( 
nearly  all  machine  drives. 

The  Code  specifies  that  the  frames  of  all  motors  operating  at  po- 
tentials In  excess  of  550  volts  shall  be  either  permanently  grounded 
or  else  Insulated  by  wooden  frames  or  otherwise.  The  use  of  a  wooden 
frame  or  any  other  Insulating  arrangement  Is  not  usually  feasible,  so 
the  almost  universal  practice  Is  to  bolt  the  motor  frame  Into  good 
T'lfc-trical  contact  with  the  frame  of  the  machine.  It  devolves  upon 
the  purchaser  of  the  machine  to  see  that  it  Is  well  grounded,  either 
through  the  conduit  conveying  the  conductors  to  the  machine  (the 
Code  requires  that  the  conduit  of  all  conduit  wiring  systems  be 
grounded)  or  through  a  specially  provided  ground  wire  connected  to 
the  machine.  The  Underwriters  require  that  special  permission  be 
villained  before  motors  with  grounded  frames  are  installed. 
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MAKING  THE  BALL  BLANKS 

A  review  of  the  history  of  ball-making  would  take  us  back,  it  is 
claimed,  more  than  four  thousand  years.  The  Chines^  who  seem  to 
have  made  everything  first,  are  supposed  to  have  made  balls  at  that 
early  date.  This  rlaim,  however,  Is  founded  on  a  mere  assumption  and 
not  on  historical  fact.  Modern  ball-making  dates  back  to  about  1S70. 
Bicycles  were  then  used  to  some  extent  in  England,  but  as  the  bicycle 
was  first  made  with  a  plain  bearing,  it  was  very  laborious  to  propel; 
later  cone  bearings  were  introduced,  and  while  these  made  the  bicycle 
easier  to  work,  it  never  became  very  popular  until  balls  were  used  in 
the  bearings.  The  first  balls  were  made  by  the  English  workmen  in 
their  own  homes,  as  was  the  custom  in  those  days,  by  a  very  primitive 
method.  A  bar  of  Bteel  of  the  proper  size  was  placed  in  a  chuck  in  a 
foot-power  lathe.  Then  a  ball  was  formed  on  the  end  of  the  bar  by 
means  of  a  hand  toul,  the  long  handle  of  which  was  pressed  against 
the  shoulder.  The  balls  were  made  only  a  few  thousandths  of  an  inch 
larger  than  the  finished  size.  They  were  then  hardened  and  ground. 
The  grinding  was  done  between  two  cast-iron  plates  about  eighteen 
inches  in  diameter.  These  plates  were  provided  with  concentric  cir- 
cular grooves,  and  the  balls  were  placed  In  these  grooves  with  oil  and 
emery.  The  top  plate  was  then  revolved  by  hand;  it  was  removed  at 
intervals  and  the  balls  measured  until  found  to  be  of  the  proper  size. 
These  balls  were  sold  for  12  cents  apiece.  At  the  present  time  balls 
of  the  same  size,  and  of  a  superior  quality,  can  be  purchased  for  1/7 
cent 

First  Machines  for  Manufact virinff  Balls 
The  Simonds  Rolling  Machine  Co.,  of  Fitchburg,  Mass.,  was  the  first 
company  in  the  United  States  to  engage  In  the  manufacture  of  balls. 
This  company  was  manufacturing  a  machine  for  making  rolled  forg- 
ings,  and  as  by  means  of  this  machine  it  was  possible  to  roll  a  very 
accurate  hall,  it  was  decided  to  start  the  manufacturing  of  this  prod- 
uct. In  Fig.  1  is  shown  a  3-inch  rolling  machine  of  the  type  mentioned, 
the  size  (3-inch)  indicating  the  width  of  the  platens.  These  platens 
run  In  opposite  directions,  and  are  operated  by  racks  in  the  back, 
which,  in  turn,  are  driven  by  pinions  on  the  driving  shaft.  The  driv- 
ing shaft  extends  to  the  rear  of  the  machine  where  the  driving  gears 
are  located.  The  length  of  the  stroke  is  changed  by  the  dogs  A,  which 
can  be  moved  to  different  positions  In  a  grooved  plate,  as  shown. 
The  rest  B  supports  the  stock  while  It  is  being  rolled.  The  platens 
make  about  one-hundred  strokes  per  minute. 

In  Fig.  2  is  shown  a  die  for  rolling  balls  on  the  Simonds  machine. 
This  die  Is  held  in  »  "hn»  which  is  fastened  to  the  plaien.  The  30- 
degree  bev*  is  knurled  so  that  when   the  work   is 

ttft dies,  but  rotate  properly.     The 
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knurling  of  the  beveled  face  of  the  dies  was  one  of  the  most  impor- 
tant of  the  patents  obtained  by  the  company  In  connection  with  this 
development  The  "invention,"  however,  was  Incidental.  During  the 
early  stage  of  the  development  of  the  machine,  a  workman  had  been 
trying  to  roll  a  certain  piece,  but  the  stock  would  keep  sliding  through 
the, machine  without  rolling.  The  operator  then  lost  patience  and, 
determined  to  make  the  stock  roll,  took  a  cold  chisel  and  roughed  up 


3ml= 


Fit.   : 


the  edges  of  the  die,  with  the  result  that  the  die  Immediately  pro- 
duced perfect  forglngs.  On  the  next  set  of  dies  made,  he  used  a 
coarse  knurl  on  the  edges  of  the  die  to  facilitate  the  proper  movement 
of  the  stock.  This  method  of  knurling  was  patented  In  connection 
with  the  die,  and  this  patent  was  considered  one  of  the  strongest  In 
connection  with  rolling  processes  of  this  kind. 
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The  method  of  rolling  balls,  however,  la  very  wasteful  on  account 
of  the  fact  that  the  stock  which  revolves  over  the  knurled  part  of 
the  die  is  thrown  away  as  scrap.  For  every  ball  that  is  made,  a 
diamond-shaped  piece,  as  shown  in  Fig.  3,  of  the  same  diameter  as 
the  stock,  has  to  be  made  and  thrown  away.  In  the  illustration  re- 
ferred to,  A  Is  the  stock.  B  is  the  ball  being  rolled,  and  C  the  diamond- 
shaped  piece  which  is  wasted.  Hence,  it  will  be  understood  that  this 
method  is  very  expensive  when  used  for  ball-making,  although  the 
rolling  method  of  forging  can  be  used  to  advantage  on  long  articles 
where  the  waste  is  proportionately  small. 

In  rolling  methods  of  this  kind  there  is  a  decided  tendency  to 
"pipe"  the  stock  on  account  of  the  difference  between  the  speed  at  the 
largest  diameter  and  that  at  the  "centers"  of  the  ball,  where,  as  a 
matter  of  fact,  the  metal  is  simply  crushed  and  does  not  roll.  Fre- 
quently there  will  then  be  a  hole  or  pipe  right  through  the  center  or 
the  ball  which  will  show  after  the  teats  at  the  end  have  been  ground 
off.     As  an  example  of  the  tendency  to  pipe,  it  may  be  mentioned  that 


Scrip   reiuItUr  from    Rolling    Bulls 

once  in  the  writer's  experience  some  spindles  12  inches  long  and 
5/16  inch  in  diameter  were  rolled  with  pipes  right  through  so  that 
a  string  could  be  put  through  the  center.  For  this  and  other  reasons, 
although  the  Simonds  machine  was  most  interesting  from  a  me- 
chanical point  of  view,  it  had  comparatively  little  value  commercially. 
Several  other  ball  companies  had  no  good  blanking  process,  and, 
therefore,  hired  men  who  understood  the  rolling  process  from  the 
Simonds  Co.  A  number  of  machines  were  thus  designed  similar  to 
the  Simonds  type.  One  of  these  had  circular  platens  instead  of 
straight  ones,  and  was  made  with  circular  dies,  one  within  the  other. 
The  die  holders,  of  course,  were  running  in  opposite  directions.  This 
machine  worked  satisfactorily,  but  the  dies  were  much  more  difficult 
to  make  on  account  of  their  circular  shape,  and  also  on  account  of 
fact  that  the  inner  die  was  smaller  than  the  outer.  The  company 
designing  this  machine  did  not  have  a  good  grinding  process  and  the 
machine  was.  therefore,  soon  abandoned  on  »'"""■'  **  """>ntinuiug 
the  manufacture  of  balls, 


la 
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Another  rolling  machine  constructed  on  the  same  principle  was  made 
with  platens  of  circular  form  running  horizontally  Instead  of  vertically. 
The  dies  were  circular,  but  of  the  same  diameter,  and  were  placed  on 
the  platen  near  the  outer  periphery.  There  were  four  (Ilea  in  all  to 
take  up  the  circumference.  The  platens  were  run  In  opposite  direc- 
tions to  each  other.  This  machine  was  very  rapid  In  Its  action  and 
continuous  In  Its  operation,  as  the  dies  always  ran  in  one  direction 
and   did   not  have  to  reverse.     Another  rolling  machine  was    made 


F1*.   4.      The   Cbriitamsn   Bill   Rolling   * 

with  two  small  circular  disks  with  the  dies  cut  In  the  periphery. 
These  disks  were  keyed  to  spindles  which  were  geared  together  and 
were  made  to  run  In  opposite  directions.  This  machine  worked  satis- 
factorily on  small  balls,  and  is  still  used  by  some  or  the  smaller  ball 
manufacturing  firms. 

A  number  of  machines  have  been  designed  from  time  to  time  for 
the  making  of  ball  blanks;  some  of  these  have  been  rather  ingenious, 
although  many  of  them  have  not  been  successful.     In  Fig.  4  Is  ah" 
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a  machine  invented  by  Mr.  M.  P.  Chriatenaen,  of  Cleveland,  0.  The 
slugs  or  blanks  H  are  fed  In  at  the  upper  end  of  a  cone-shaped  device. 
The  cone  F  revolves,  being  driven  from  pulley  K.  The  Inner  face  of 
the  casing  O  is  provided  wltb  a  spiral  groove  from  top  to  bottom,  the 
section  of  the  groove  being  more  and  more  that  of  a  complete  circle 
as  It  approaches  the  bottom  of  the  cone.  The  blank,  as  it  runs  around 
the  cone,  is  supposed  to  be  gradually  rounded  as  it  approaches  the 
bottom.  The  machine,  however,  never  proved  successful  tor  several 
reasons.  The  distance  that  the  slugs  or  blanks  had  to  travel  proved  a 
disadvantage,  because  if  the  slugs  were  heated,  they  became  cold  before 
they  had  passed  through  the  device  and  would  not  compress,  but 
were  simply  split  open:  If  the  slugs  were  not  heated,  the  grain  of 
the  material  was  so  distorted  or  crystallized  that  the  balls  could  not 
be  used.  Again.  If  the  slugs  did  not  roll,  but  commenced  to  slide, 
causing  clogging,  the  machine  would  have  to  be  entirely  dismantled 
in  order  to  locate  the  trouble.  Hence,  after  long  and  extensive  experi- 
ments, it  was  abandoned. 

Machines  lor  Turning:  Ball  Blanks 

On  account  or  the  piping  and  burning  of  the  steel  and  the  difficulty 
of  removing  the  teats  from  the  balls,  the  manufacturers  next  took  up 
the  turning  process  for  making  bail  blanks.  The  first  successful  ma- 
chine Invented  was  designed  by  the  writer  and  is  shown  In  Fig.  5.  This 
machine  is  an  automatic  ball  turning  machine  with  a  regular  draw- 
back collet  and  automatic  feed  fur  the  stock.  The  special  feature  of 
the  machine  is  the  manner  of  forming  the  ball.  There  is  no  turret 
slide  or  feed  mechanism,  but  simply  a  solid  tailstock  with  a  heavy 
faceplate  having  a  cam  cut  in  the  face,  as  indicated  in  the  views  at 
B  and  C.  This  cam  is  driven  from  cone  pulley  E  through  gears  H,  J 
and  A".  On  the  tailstock  a  plate  with  three  Jaws  D.  F  and  Q  Is  fastened, 
each  of  these  jaws  holding  a  forming  tool  and  being  provided  with  a 
roller  which  fits  Into  the  cam  groove  In  the  faceplate.  When  the 
machine  Is  in  operation,  each  jaw  with  Us  forming  tool  comes  forward 
and  dues  its  share  of  the  work  (as  Indicated  at  L,  3d  and  N),  and  is 
then  moved  back  to  allow  the  next  jaw  to  come  into  action.  The  last 
or  third  jaw  cuts  off  the  ball  and  rounds  the  end  of  the  stock  so  that 
there  will  be  a  proper  surface  on  which  to  start  the  cut  for  the  next 
bail.  Another  form  of  turning  machine  was  provided  with  a  head 
similar  to  a  regular  plain  automatic  machine,  having  for  toolholders 
rocker  arms  operated  upon  by  a  shaft  at  the  rear  of  the  machine.  The 
shaft  allows  the  arms  to  descend  onto  the  stock  to  form  the  ball  and 
then   moves   them   back   while   the  culting-off  tool   performs   Its   work. 

The  latest  machine  for  ball  turning  is  the  HofTmann  machine  shown 
in  Fig.  S.  This  machine  has  two  heads  exactly  alike,  one  at  each  end 
of  the  bed,  these  heads  having  regular  automatic  screw  machine  spin- 
dles. The  slide  in  the  middle  of  the  bed  is  made  very  heavy  because 
of  being  double  and  carrying  two  sets  of  forming  tools.  Four  balls 
are  formed  at  a  time.  The  first  ball  from  the  stock  end  is  about  one- 
flnfshed.  the  second  one.  three-fourths  finished,  and  the  third  one, 
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completed,  while  the  fourth  ball  1b  held  In  the  second  spindle,  which 
Is  revolving  at  exactly  the  same  speed  as  the  first  This  allows  the 
forming  tool  to  round  the  end  ot  the  ball  so  that  It  will  be  an  accurate 
sphere.  The  ball  Is  then  led  on  through  the  second  spindle  and  drops 
Into  a  pan.    On  account  of  forming  four  balls  at  a  time,  a  roller  rest 
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Is  used  In  the  rear  of  the  slide.  This  rest  has  two  rollers  made  of 
hardened  steel  against  which  the  stock  revolves  while  the  forming  Is 
being  done.  This  allows  the  forming  tool  to  form  a  perfect  ball,  as 
the  stock  cannot  recede  while  the  tools  are  at  work.  This  Is  a  feature 
of  considerable  value  when  balls  are  turned  from  tool-steel  rods  which 
It  is  Impossible  to  fully  anneal. 


\ 
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When  turning  balls  by  the  method  described,  the  stock  wasted  is 
greater  than  that  which  goes  into  the  ball.  The  method  is,  therefore, 
used  very  little  for  balls  over  one-fourth  inch  in  diameter,  because  the 
price  of  the  steel  becomes  an  important  factor  in  the  cost  of  manu- 
facture when  larger  sizes  are  made.  Another  disadvantage  is  that 
balls  cut  from  the  bar  are  not  as  strong  as  when  made  by  other 
methods.  The  direction  of  the  grains  or  fibers  of  the  steel  wire  is 
lengthwise  of  the  bar;  therefore,  when  the  ball  is  formed,  these  fibers 
are  cut  and  exposed  at  the  surface,  making  a  ball  which  is  inferior  in 
strength  after  hardening  to  balls  made  by  other  methods. 

Pressing  Balls 

About  fifteen  or  twenty  years  ago,  when  the  bicycle  business  was 
booming,  the  Cleveland  Machine  Screw  Co.,  which  was  at  that  time 
one  of  the  largest  of  the  firms  in  the  country  manufacturing  balls,  was 
unable  to  make  enough  blanks  by  the  turning  process,  so  it  developed 
a  process  of  pressing  the  ball  blanks.  In  Fig.  7  is  shown  a  regular 
wire  straightener  and  cutting-off  machine  by  which  a  coil  of  wire  was 
straightened  and  then  cut  into  short  lengths  called  "slugs."  This 
cutting-off  must  be  very  carefully  done  as  otherwise  the  ball  made 
from  the  slug  will  be  of  poor  quality,  because  of  the  ends  or  ragged 
parts  being  pressed  into  the  ball  and  forming  a  cold  shut  This  may 
fall  out  during  the  grinding  or  hardening  operations,  the  ball  then 
having  a  pitted  appearance.  The  length  of  the  slugs  also  must  be 
exact,  otherwise  the  blanks  will  be  badly  out  of  shape.  If  the  slugs 
are  not  square  on  the  ends  when  placed  in  the  die,  they  will  crowd  to 
one  side,  a  lopsided  ball  being  the  result. 

In  Fig.  8  is  shown  a  regular  No.  2  Ferracute  press  with  an  automatic 
attachment  for  pressing  balls.  This  attachment  is  entirely  automatic 
in  its  action,  the  slugs  being  fed  down  from  the  hopper  and  then  con- 
voyed by  an  arm  to  the  die  where  the  ball  is  pressed,  after  which  the 
latter  is  ejected  by  the  knock-out.  At  A  is  shown  the  hopper  which 
holds  the  slugs,  and  at  (7.  a  fork  which  works  the  hopper  up  and  down, 
keeping  the  slugs  falling  into  the  tube  B.  Fork  O  is  operated  through 
the  lever  D  which  is  given  a  reciprocating  motion  by  cam  E.  Lever  D 
also  moves  a  rack  operating  pinion  C,  which  latter  has  an  arm  attached 
to  it  that  carries  the  slug  from  the  bottom  of  tube  B  to  the  dies  in  the 
press  proper.  The  press  is  so  timed  that  the  slug  is  firmly  held 
between  the  dies  for  a  moment  before  the  dies  come  together,  thus 
giving  the  feeding  arm  time  to  pull  away.  While  the  pressing  is  being 
done,  the  arm  receives  another  slug  from  tube  B.  This  method  of 
pressing  is  very  cheap  and  very  little  material  is  wasted.  On  account 
of  the  press  being  of  the  regular  open-front  type,  however,,  the  blanks 
can  be  pressed  only  a  small  amount,  because  otherwise  the  machine 
will  spring  away  from  the  work  which  is  not  heated.  Hence  when 
larger  diameters  are  pressed,  the  balls  are  only  approximately  spherical* 
and  a  large  quantity  of  stock  is  left  for  the  dry  grinders  to  removal 
It  has,  therefore,  not  been  found  practicable  to  press  balls  by 
method  when  they  are  larger  than  %  inch  in  diameter. 
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same  time  taper  the  ends.  The  stock  1b  then  fed  to  dies  C  and  D  and 
the  ball  Is  formed  as  Indicated  by  the  various  illustrations  In  Fig.  10. 
As  this  process  is  done  with  heated  stock,  a  very  good  blank  Is  pro- 
duced. The  sharp  edges  usually  formed  when  cutting  off  the  stock, 
are  done  away  with  by  this  method,  and  only  the  central  part  of  the 
ball  has  to  be  pressed  up,  as  the  tapered  ends  are  simply  rounded. 

The  Manville  Machine 

The  latest  and  best  designed  machine  for  the  manufacture  of  small 
ball  blanks  Is   made   by   the   E.   J.   Manville   Machine   Co.,   Waterbury, 


Fit.  *.     The  Hold  Mmchica  for  Miklnt  Sluti  with  Tnwred  End*  ul 
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Conn.  This  machine  has  a  coining-press  type  of  frame,  except  that  it 
is  horizontal  Instead  of  vertical.  All  the  work  is  done  Inside  of  the 
frame,  so  that  a  very  accurate  blank  can  be  produced  on  account  of 
the  rigidity  thus  obtainable.     Fig.  11  shows  one  of  the  smaller  alaea 
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of  these  machines.  This  size  is  used  for  making  balls  up  to  *4  inch 
in  diameter.  The  stock  which  comes  in  coils  is  first  passed  through 
the  straightening  rolls  B  and  then  through  tube  C  into  the  cutting-off 
die.  Slide  E  has  a  cam  which  carries  the  cutting-off  device  or  tool  F. 
This  cutting-off  tool  is  flat  and  has  spring  Angers  as  indicated  in  Fig. 
12.     These  fingers  overlap  the  groove  at  the  end  of  the  cut-off  tool. 


Fir-  10.     Diagrammatical  Views   of  the   Various  Stages   of   the 

Reid   Process 

After  the  stock  has  been  cut  off,  these  fingers  hold  the  slug  in  position 
on  the  cut-off  tool  until  the  cam  in  slide  E  carries  the  tool  with  the 
slug  over  to  the  center  of  the  dies.  Die  G  Is  stationary  and  die  H  is 
mounted  in  movable  slide  K,  which  1*  r*******  forward  by  the  eccentric 
on  shaft  A.    As  soon  as  the  between  the  two 

dies,  the  cutoff  F  moves  ~nd  H  to  come 

together.    The  dies  heVft  *  are  counter- 
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bored  from  the  back  to  within  otic-half  Inch  from  the  impression  In 
the  die.  (See  Fig.  12.)  In  these  counterbored  boles,  knock-out  pins 
are  placed  which  are  worked  by  levers  on  the  under  side  of  the  machine, 
so  that  as  soon  as  the  dies  draw  apart  these  pins  will  konck  mil  the 
ball,  no  matter  which  die  holds  It 

The  machine   Is   very   rapid   in   its  operation   and   regular   aiS-Inch 
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balls  can  be  made  at  the  rate  of  100.000  to  125,000  per  day.  according 
to  the  grade  of  the  stock  and  the  character  of  the  annealing.  One  man 
can  run  three  or  four  of  these  machines;  hence  the  labor  cost  la  so 
small  as  to  be  almost  negligible.  As  there  is  no  waste,  this  process, 
for  smaller  sizes  of  balls,  must  be  deemed  the  best  as  well  as  the 
cheapest  In  ball  manufacture  at  the  present  time.  The  following  table 
givea  sizes  of  stock  used  for  making  different  sizes  of  balls: 


1/8 
6/32 
3/16 
7/32 


Bi.ll.    tn.-k 

9/32 
6/16 


0.200 
0.286 

0.265 
0.312 


Ball  Forcing 
i   method   of  making  ball  blanks   from   %  1 
Is  known  as  string  forging.     Fig.  13  showa  a 
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upright  helve  hammer  and  a  press,  as  well  as  a  heating  forge,  the  equip- 
ment being  arranged  for  string  forging.  The  bars  from  which  the  balls 
are  forged  are  approximately  6  feet  long.  Twelve  of  these  bars  are  put 
Into  the  furnace  at  a  time  and  are  heated  so  that  two  sets  of  balls  can 
be  forged  before  putting  the  bar  back  Into  the  furnace.  By  having  a 
number  of  bars  in  the  furnace  at  Ihe  same  time,  the  heating  can  be  done 
slowly  and  uniformly,  and  the  bars  are  heated  clear  through  to  the 
center  of  the  stock  without  burning  or  decarbonizing  the  surface.  The 
forging  of  the  balls  requires  some  skill,  as  the  bar  must  be  turned  and 
the  hammer  started  at  high  speed,  gradually  slowing  up  as  the  blank 
begins  to  assume  its  proper  shape.  After  being  forged,  the  string  of 
forged  balls,  indicated  at  A  In  Fig.  19,  is  placed  in  the  trfmmiiig  press 
where  the  whole  row  is  forced  through  a  series  of  holes,  thus  trimming 
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off  the  fins  and  separating  the  balls  into  individual  blanks.    The  halls 
drop  directly  into  a  box  under  the  press,  as  indicated. 

Fig.  14  shows  by  a  number  of  diagrammatical  illustrations  the  manner 
In  which  the  dies  for  string  forging  are  made.  At  A  Is  shown  a  section 
of  a  die  with  four  impressions.  The  illustration  also  gives  the  notation 
of  the  die  details  necessary  for  use  in  connection  with  the  following 
table.  At  A,  for  example,  is  indicated  the  diameter  D  of  the  cutter  or 
cherry  used  In  sinking  the  die,  and  also  the  depth  E  to  which  the  cutter 
Is  sunk.  In  the  view  at  B  Is  given  the  distance  C  between  the  centers, 
a  selected  that  when  the  proper  size  of  stock  is  used,  the  die  cavity 
will  just  be  filled,  it  is  also  indicated  here  and  at  F  that  the  die  must 
be  backed  off  or  relieved  ou  each  side  of  the  impressions,  leaving  only 
a  small  amount  of  land  In  the  center  to  do  the  hammering.  This  back- 
ing off  is  done  by  moving  the  jig  around  on  the  milling  machine  or  die 
sinking  mo  linking  the  cutter  or  cherry   into  the  die  about 
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1/16  Inch,  leaving  Ihe  width  of  the  center  ahout  one-third  of  the  diam- 
eter of  the  ball.  At  G  is  shown  the  depth  ut  the  bridge,  which  Is  very 
important,  as  the  neck  formed  by  the  bridge  must  hold  the  balls  together 
during  the  forging;  and  not  draw  the  stock  near  the  neck,  so  as  to  cause 
*  pipe,  which  fe  very  easily  done.    At  B  Is  shown  the  size  of  the  stock 
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which  is  always  smaller  than  the  diameter  to  be  forged.  The  stock  must 
be  close  to  the  required  size;  otherwise  difficulties  will  be  met  with. 
If  under  size,  the  balls  will  not  fill  out;  If  too  large,  extra  hammering 
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out.     In  Fig.  14, 


will  be  required,  which  causes  the  dies  to  so 
four  balls  are  shown  forged  at  a  time,  hut  as  this  illustration  Is  only 
rtlcal.  it  is  not  implied  that  tliis  is  the  correct  number  used 
iwlng  table  gives  the  number  of  balls  that  would 
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be  forged  in  a  string  for  different  sizes  of  balls,  together  with  other 
dimensions  required  for  the  sinking  of  dies.  At  K  is  shown  the  stock 
after  it  has  been  slightly  hammered  to  see  if  the  dies  are  in  perfect 
alignment.  It  is  easily  seen  that  when  there  are  so  many  impressions 
in  the  dies,  if  the  die  warps  in  the  hardening,  the  two  dies  will  not 
match  perfectly,  and  the  balls  at  either  end  may  be  rather  poor  in 
quality.  It  is,  therefore,  very  important  to  use  a  die  steel  that  will  hold 
its  shape  after  hardening. 

DATA  FOR  STRING  FORGING  OF  BALLS) 
(See  Fiit.  14  for  Notation.) 
Distance 
Sizo  of         Size  of  Dlam.  of  Between  Depth  of  Depth  Of  No.  of 

Hulls  Stock,  II  Cutter,  D        Centers,  C         Cavity.  H        Bridge,  Q  Balls 

3/8  0.320  0.395  0.485  0.198  0.040  18 

7/16  0.375  0.457  0.550  0.228  0.050  16 

1/2  0.437  0.520  0.615  0.260  0.050  14 

5/8  33/64  0.645  0.755  0.322  0.060  12 

3/4  39/64  0.775  0.910  0.387  0.065  9 

7/8  23/32  0.905  1.060  0.452  0.065  8 

1  13/16  1.035  1.210  0.517  0.075  7 

The  necessary  tools  for  the  trimming  of  the  balls  are  shown  in  Fig.  15. 
At  A  is  shown  the  holder  for  the  punches,  the  shank  fitting  into  the 
head  of  the  press.  At  B  is  shown  a  plate  with  holes  drilled  to  the  same 
diameter  as  the  shanks  of  the  punches.  This  plate  is  sawed  in  two, 
and  after  the  punches  aro  placed  in  the  holes,  it  is  clamped  in  holder  A 
and  held  in  place  by  four  set-screws.  The  diameter  F  of  the  punches 
is  about  one-eighth  inch  less  than  the  diameter  of  the  balls.  At  C  is 
shown  a  bolster  fastened  to  the  press  and  at  D  a  plan  of  the  die  that  is 
drilled  with  the  same  distance  E  between  the  centers  of  the  holes  as 
the  distance  between  the  forged  balls.  A  groove  is  provided  between 
the  holes  drilled  in  the  bottom  die  D  so  that  the  necks  between  the 
balls  will  not  touch  the  top  of  the  die.  Die  D  is  placed  in  bolster  C 
and  lined  up  with  the  punches  as  in  ordinary  stamping  processes. 

The  furnace  used  for  heating  the  stock  is  of  a  special  oil  burning 
type.  The  burner  is  placed  on  the  side  of  the  furnace  midway  between 
the  front  and  the  rear.  By  having  a  special  form  of  baffle  plate  directly 
in  front  of  the  flame,  the  latter  is  distributed  throughout  the  furnace 
before  it  comes  out  at  the  front  An  air  pipe  is  passed  under  the 
opening  through  which  the  stock  is  put  in  to  be  heated.  This  pipe 
has  a  number  of  small  holes  drilled  in  the  side  facing  the  opening, 
and  when  air  is  forced  through  these  holes,  the  heat  is  diverted  upward 
and  kept  away  from  the  operator. 

Large  balls,  from  2%  inches  up,  are  usually  forged  under  a  steam 
hammer.  Stock  of  the  proper  diameter  is  first  cut  off  to  the  required 
length  and  both  ends  are  chamfered.  The  length  of  the  stock  Is 
determined  by  the  weight  of  the  finished  ball,  an  allowance  for  finish- 
ing being  added.  The  blanks  are  placed  in  an  oil  furnace  and  allowed 
to  heat  slowly.  Each  time  a  blank  is  forged,  a  new  one  is  put  Into 
its  place  in  the  furnace.  The  dies  for  this  kind  of  forging  are  of  an 
entirely  different  form  from  those  used  for  string  forgings.    They 
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cupped  out  to  the  desired  diameter,  but  are  only  sunk  to  a  depth  of 
one-quarter  ot  the  diameter  of  the  hall  to  be  forged,  and  are  not  backed 
off.  When  the  blank  Is  heated,  the  hammer  wan  places  it  in  the  die, 
and  the  hammer  is  worked  very  slowly  until  the  ball  begins  to  take 
a  spherical  shape,  at  which  time  quicker  and  heavier  blows  are  struck. 
On  account  of  the  impressions  in  the  dies  being  so  shallow,  the  opera- 
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tor  has  ample  space  to  turn  the  ball  In  all  directions,  and  can,  there- 
fore, produce  an  almost  true  sphere.  Blanks  4  inches  In  diameter  have 
been  forged  that  have  not  been  out  of  round  over  0.005  or  0.006  inch. 

The  Flashing  Process 
The  ball  blanks  as  they  come  from  the  press  or  hammer  are  more  or 
less  out  of  shape  and  have  a  flash  or  (in  or  some  other  projection 
caused  by  Ihe  cultitig-off  or  the  wearing  of  the  dies.  These  fins  must 
be  removed  before  the  first  grinding  as  they  would  otherwise  mar  the 
grinding  Hags.  In  Fig.  16  is  shown  what  is  known  as  a  rotary  tile  or 
:    (,,r   ranw  *■-«»  fjns.     The  balls  are   fed   through   the 
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plndle   by   gravity   and   discharged    from   the   rotary   filing   plates    by 

entrltugal  action.     The  head  of  the  machine,  which  Is  run  by  a  worm 

.nd  worm-wheel,  has  a  spindle  to  the  end  of  which  the  rotary  file  is 

■ttached.     As  the  spindle  Is  hollow,  the  balls  can  be  fed  through  it  to 

i  center  Of  the  plate.     The  lower  plate  iB  solid,  but  ia  adjustable  up 

I  down,  allowing  for  different  sizes  of  balls  and  for  wear.     The  balls 

they  pass  from  the  spindle  to  the  center  of  the  plate,  are  died  by 

upper  plate  revolving  and   forcing  them  over  the  lower,  and   they 


fall   out  at  the  outer  edge  into   a  basket.     The   operation   is  repeated 
after  the   lower   plate   has  been  adjusted.      The   plates   are  kept   from 
clogging  by  a  mixture  of  lard  and  kerosene  oil,  circulated  by  a  pump 
from  a  tank  below  to  a  reservoir  above. 
There  is  also  another  method  of  removing  the  flash  or  fln  from  the 
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balls,  known  as  the  multiple  ring  grinding  process.  Fig.  IT  shows  a 
diagrammatical  sketch  of  the  principle  of  this  method.  Rings  which 
are  slightly  grooved  are  placed  on  a  heavy  grinder  similar  to  a  drill 
press.  The  grooves  are  filled  with  balls  and  No.  3G  emery  or  carborun- 
dum. The  top  ring  is  fastened  to  the  spindle  and  allowed  to  revolve 
at  a  high  speed  while  pressure  Is  being  applied.  In  a  short  time  the 
balls  are  removed  and  found  to  be  comparatively  smooth  and  ready 
for  the  first  dry  grinding. 
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The  larger  balls  are  ground  separately  in  a  very  simple  but  effective 
way,  as  Indicated  in  Pig.  18.  An  upright  A  is  bolted  to  the  table  of  a 
small  emery  wheel  grinder.  This  upright  has  a  tapered  bole  through 
it  Into  which  the  ball  is  pushed  and  adjusted  so  that  the  ball  after  the 
flash  has  been  removed  will  barely  touch  the  emery  wheel.  The  opera- 
tor, by  means  of  a  short  pair  of  tongs,  can  turn  the  ball  in  all  directions. 
As  the  ball  cannot  pass  through  the  tapered  hole  in  Ihe  upright  more 
than  a  certain  distance,  flat  spots  cannot  be  ground,  but  the  fin  Is 
simply  removed  and  a  smooth  surface  produced. 

In  Fig.  ID  are  shown  a  number  of  samples  of  balls  made  by  various 
processes  and  at  different  stages  of  completion.  At  A  Is  shown  a  string 
of  forged  baits,  and  at  B  forged  balls  after  trimming.  At  C  are  shown 
a  number  of  balls  after  being  rough  ground,  at  D  the  end  of  a  bar 
operated  upon  in  a  Hoffmann  ball  turning  machine,  and  at  E  a  number 
of  slugs  and  balls  pressed  from  them. 

Kind  of  Steel  Used  In  Ball-making 

The  most  important  thing  to  be  considered  In  the  manufacture  of 
balls  is  the  quality  of  steel  used.  One  of  the  largest  elevator  com- 
panies  in  the  United  States  tried  432  different  samples  of  steel,  ob- 
tained in  this  country  and  abroad.  Balls  from  these  samples  were  made 
and  tested  by  being  put  into  actual  use.  Prom  these  tests  it  was  ascer- 
tained that  the  two  grades  of  steel  below  (carbon  and  alloy)  are  best 
suited  for  making  steel  balls. 

—Carbon,  1.12;  silicon,  0.015;  phosphorus,  0,017;  manganese,  0.19: 
sulphur,  0.019;  chromium,  0,25  per  cent. 

2.— Carbon,  0.95;  silicon,  0.014;  sulphur,  0.019;  phosphorus,  0.018; 
manganese,  0.025;  chromium,  1.25:  tungsten,  0.25  per  cent. 

It  may  be  said  without  exaggeration  that  balls  are  used  In  nearly 
every  hind  of  article  that  It  Is  possible  to  name,  provided  It  revolves. 
They  are  used  in  the  cheapest  kind  of  hardware  and  in  the  finest  mech- 
anisms and  surveyors'  instruments.  Balls  1/16  Inch  In  diameter  are 
used  in  electric  meters  and  typewriters.     The  number  of  balls  being 

»used  for  these  purposes  alone  is  from  fifty  to  seventy-five  millions  per 
year.    The  largest  balls  made  are  about  6  inches  in  diameter. 


CHAPTER    II 


ROUGH  GRINDING,  HARDENING  AND 
FINISH  GRINDING 


In  the  previous  chapter,  the  methods  of  making  the  blanks  and 
preparing  them  for  the  dry  grinding  were  explained.  In  the  present 
chapter  the  grinding  and  hardening  operations  will  be  dealt  with.  Tbe 
old  English  method  of  grinding  the  balls  was  mentioned  in  the  previous 
chapter,  the  balls  being  ground  between  tw  the  upper 

one  of  wjiich  was  revolved  by  hand.     T  'or  balls 
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In  the  bicycle  industry  good  brought  about  Improved  methods  (or 
grinding,  tbe  first  step  being  to  fasten  the  top  plate  to  the  spindle  of 
a  drill  press,  while  the  bottom  plate  rested  on  the  table  of  the  machine. 
In  this  way  work  was  produced  very  much  (aster,  but  no  better  quality 
was  obtained  than  formerly.  About  the  time  when  the  first  steel  balls 
were  manufactured  in  this  country,  Bpeclal  grinding  heads  of  a  much 
more  substantial  character  were  devised.  Fig.  20  shows  a  row  of  oil 
grinders,  such  as  were  first  made  in  this  country.  The  head  is  made 
in  the  form  of  a  goose  neck,  and  has  three  hearings.  Tbe  lower,  or 
main,  bearing  has  a  quill  the  same  as  a  drill  press,  with  a  rack  BUl  In 
it.  A  lever  with  pinion  teeth  cut  on  the  end  meshes  with  this  rack 
and  provides  the  means  for  raising  and  lowering  the  bead.  The  spindle, 
which   ha3   a   large   faceplate   fastened    to   the   lower   end,   carries    the 
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upper  grinding  ring,  which  is  fastened  to  the  faceplate  by  three  screws. 
The  main  drive  is  through  a  set  of  bevel  gears  on  the  countershaft 
directly  over  the  spindle  of  the  machine.  A  .vertical  shaft  transmits 
the  power  from  the  countershaft  to  the  spindle.  As  all  the  blanks  at 
this  time  were  either  pressed  or  forged,  instead  of  being  turned,  the 
amount  of  stock  to  be  removed  was  considerably  more  than  it  is  when 
turned  ball  blanks  are  used.  For  this  reason  the  time  required  for 
grinding  y-inch  balls  was  from  one-half  to  three-quarters  of  an  hour, 
and  if  the  rings  were  badly  worn  the  balls  would  come  out  of  the 
grinder  considerably  out  o(  true.  It  was,  therefore,  necessary  to  devise 
a  better  and  quicker  process — a  rough  grinder — for  removing  the  sur- 
face of  the  balls,  It  is  especially  necessary  to  remove  the  surface  to 
some  depth  when  the  balls  are  forged,  as  the  outside  is  then  apt  to  be 
decarbonized. 
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Tim  Iliclinrdsoa  Eoucb.  Grinder 

The  first  rough  grinder  tor  balls  was  made  by  Mr.  Henry  Richardson, 
president  of  the  Waltbani  Emery  Wheel  Co.,  Watham,  Mass..  in  1877. 
Mr.  Richardson,  ia  speakiug  of  this  machine,  has  mentioned  a  few 
interesting  facts  about  his  experiments  along  this  line.  He  took  a 
•  16-inch  bastard  file  and  ground  a  90-degree  groove  in  the 
t  the  entire  length  of  the  file.  The  groove  was  ground 
clear  through  the  file 
so  that  it  would  allow 
a  -">  'lfi-iiu-h  ball  to  pro* 
}Mt  through  to  such  an 
extent  that  the  ball 
could  be  ground  by  a 
wheel  without  the  lat- 
ter touching  the  file. 
An  emery  wheel  was 
than  fnslened  to  the 
faceplate  of  a  lathe,  and 
the  file  was  clamped  to 
the  carriage  in  a  verti- 
cal position.  A  plate 
with  an  elongated  slot, 
whii-b  could  be  moved 
up  and  down  on  the 
tailstock  spindle,  was 
then  made.  The  file 
with  the  balls  was  now 
placed  agaiust  the 
balls.  The  lathe  was 
then  started.  The  balls 
at  onee  began  to  man 
in  the  V-groove  in  the 
file,  and  by  moving  the 
plate  on  the  tailstock 
spindle  up  and  down, 
the  balls  were  turned 
In  all  directions,  pro- 
ducing in  a  very  short 
time  a  blank  which  was 
to  dimensions, 
hich  worked  very  satis- 
never  made,  ni 
to  England  an  1 
>le  machine,  aa 
nt  held  by  Mr. 
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a  comparatively  true  sphere,  fairly  accurate  a 
Mr.  Richardson  then  made  a  trial  machine 
factorily,  but  as  a  photograph  of  this  macbini 
record  of  its  appearance  is  preserved.  In  1878  he  w 
sold  the  English  patents  to  Mr.  Wm.  Sown.  A  s 
shown  in  Pig.  21,  was  made  at  this  time.  The  | 
Richardson  did  not,  however,  properly  cover  the  invention,  bo  that  he 
was  unable  to  get  full  returns  for  his  efforts.  The  only  claim  of  any 
which  he  held  was  as  follows:  a  ring  of  balls  in  a  V-groove, 
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revolved  by  a  driving  ring  and  exposed  to  an  emery  wheel.  This  claim 
was  tbe  direct  result  of  bis  experiments,  and  by  Itself  was  very  tar 
reaching.  It  gave  the  ball  makers,  who  soon  began  to  spring  op  all 
over  the  country,  a  great  deal  of  trouble  In  their  efforts  to  "go 
around"  it 
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As  shown  In  Pig.  21,  the  emery  wheel  Is  placed  on  the  lower  spindle 
which  is  mounted  In  the  movable  head;  this  head  Is  operated  by  the 
handwheela  at  the  rear  of  tbe  machine.    The  emery  wheel  Is  eccentric 
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t  South  Grinder    U.  B.  Pmtaat 


with  the  top  ring,  so  that  the  whole  surface  of  the  wheel  will  t 
sively  come  in  contact  with  the  balls.     This  keeps  the  wheel  Id  perfect 
shape.     The  V-groove  in  which  the  balls  rest  ia  formed  by  two  annular 
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rings  or  plates  |see  diagrammatical  view  in  Fig.  22  I  ;  the  outer  one  is 
held  and  adjusted  by  three  long  bolts  (shown  in  Fig.  21),  while  the 
inner  plate  is  fastened  to  a  rod  which  passes  through  the  drive  shaft 
to  the  top  of  the  machine.  This  inner  plate  is  operated  by  the  middle 
lever  shown,  so  that  the  balls  thus  can  be  "dropped"  when  finished. 
The  driving  ring  which  revolves  the  balls  is  adjustable  in  an  up  and 
down  direction  by  means  of  the  lower  lever,  and  is  clamped  in  the 
proper  position  by  the  small  iever  on  the  main  bearing.  This  driving 
ring  runs  in  the  opposite  direction  to  the  emery  wheel;  the  latter  is 
run  at  a  peripheral  speed  of  approximately  5000  feet  a  minute. 

On  account  of  the  fact  that  the  outside  of  the  balls  run  faster  than 
the  inside,  as  they  are  driven  around  by  the  drive  ring,  the  balls 
assume  a  spiral  motion,  thereby  exposing  all  sides  to  the  emery  wheel. 
An  approximately  accurate  sphere   is  thus  produced. 

The  John  J.  Grant  Rough  Grinder 

In  1888  when  the  Siroonds  Rolling  Machine  Co.,  of  Pitchburg,  MasB., 
was  grinding  balls  by  the  old  English  method,  it  could  only  produce 
balls  which  were  true  within  0.003  inch.  This  accuracy  was  considered 
sufficient  at  that  time.  Mr.  John  J.  Grant,  who  was  at  that  time 
employed  by  this  company,  and  who  had  improved  the  Simonds  rolling 
machine,  proceeded  to  devise  a  machine  which  made  it  possible  to 
produce  balls  far  superior  to  any  ever  made.  The  principle  of  his  first 
machine,  which  was  a  rough  grinder,  is  shown  in  Fig.  23.  This  machine 
produced  excellent  work,  but  was  very  slow  in  its  operation,  as  the 
balls  had  to  travel  one-half  of  the  circumference  of  the  groove  in  the 
ring  without  coming  in  contact  with  the  emery  wheel.  On  balls  of 
smaller  sizes,  the  upper  or  driving  ring  was  so  thin  that  it  was  possible 
to  grind  but  a  few  balls  before  the  emery  wheel  would  wear  it  away. 
As  shown  in  Fig.  23,  the  balls  were  held  at  the  periphery  of  the  sta- 
tionary ring  in  a  V-groove.  The  drive  ring  was  extended  over  the 
balls  far  enough  to  drive  them,  and  was  driven  by  a  pulley  on  the 
spindle  which  held  the  drive  ring.  The  speed  was  not  over  60  revolu- 
tions per  minute.  A  saddle,  which  was  stationary  on  the  base  of  the 
machine,  carried  the  emery  wheel  heads,  each  head  having  two  wheels. 
bo  that  the  surface  coming  in  contact  with  the  ball  would  be  as  wide 
as  possible.  The  driving  pulley  was  placed  between  the  emery  wheels, 
all  being  driven  from  the  same  countershaft  The  upper  or  drive  ring 
could  be  raised  by  a  lever  at  the  top  of  the  machine,  and  the  lower  ring 
could  be  revolved  by  throwing  out  a  latch  with  a  foot  lever.  This 
allowed  the  machine  to  be  loaded  and  unloaded  very  rapidly.  Not- 
withstanding the  fact  that  this  machine  was  very  slow,  as  compared 
with  the  Richardson  machine  in  which  the  emery  wheel  was  on  the 
balls  at  all  times,  it  was  successful,  and  It  was  possible  for  the  Simonds 
company  to  produce  a  ball  better  than  those  produced  by  any  other 
manufacturers,  and  the  company  soon  controlled  the  hall  trade. 

In  1891,  the  Grant  Anti-Friction  Ball  r.»  'ormed  by  Mr.  J    J 

Grant,  and  a  great  many  experimi  Ending  of  balls 

without  the  V-path  and  drive  rin  *  the  experi- 
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meats  were  not  successful.  It  was,  therefore,  necessary  to  buy  Mr. 
Richardson's  patent,  and  around  this  was  built  the  moat  successful  dry 
grinder  ever  produced. 

The  Robert  H.  Grant,  Dry  Grinder 

Iii  Pig.  24  are  shown  general  and  sectional  views  of  the  R.  H.  Grant 
grinding  machine,  as  originally  made.  It  wilt  be  seen  that  the  Richard- 
eon  path  is  used  in  a  modified  form.  The  drive  ring  Is  driven  through 
a  gear  on  the  drive  ring  holder,  this  gear,  in  turn,  being  driven  by 
pinion  V  which  is  fastened  to  the  shaft  A.  This  shaft  carries  pulley  C 
at  Its  upper  end.  The  cone  B  has  a  plate  with  hardened  segments 
screwed  to  its  lower  end  which  form  the  Inner  part  of  the  race  A*.  The 
cone  is  fastened  to  tbe  shaft  D  wbicb  is  adjustable  by  collar  E.  .  On 
the  upper  end  of  tbe  shaft  is  a  spring  F  wblch  Is  compressed  between 
the  collar  /  and  the  adjustable  sleeve  G.  By  means  of  the  lever  H,  tbe 
shaft  D  can  be  lowered,  thereby  allowing  the  balls  to  drop  Into  a 
receptacle  after  being  ground,  as  shown  In  the  view  to  the  right.    On 


Tig.  **.  Arrutunuie  of  Btlli  In  tht  Futoun  Orinder 
tbe  rear  of  tbe  quill  J,  which  carries  the  shaft  D.  Is  cut  a  rack  in 
which  pinion  R  works.  The  shart  T  which  operates  pinion  R  Is  ad- 
Justed  by  the  spring  P,  controlled  by  the  bandwheel  S.  On  the  lower 
part  of  the  quill  J  Is  fastened  tbe  spider  O  which  carries  the  ring  M,  to 
which  are  screwed  the  hardened  segments  forming  the  outer  path. 

It  will  be  seen  that  when  the  rough  forglngs  are  placed  in  the  Y-path, 
the  driving  ring  is  stationary,  but  tbe  Inner  ring  can  vibrate  on 
account  of  the  action  of  the  spring  F.  Tbe  outer  ring  M  is  permitted 
to  vibrate  slightly  through  the  means  of  the  spider  O.  quill  J,  pinion  R 
and  spring  P.  In  this  way  the  rough  forgings  will  be  ground  only  on 
the  high  spots  until  tbe  balls  become  round. 

Tbe  loading  and  unloading  is  done  without  stopping.  When  the 
balls  are  finished,  the  emery  wheel  is  lowered  and  a  pan  Is  pushed 
under  the  path  of  the  balls.  The  handle  B  Is  pulled  down,  thus  allow- 
ing the  balls  to  fall  into  the  pan.     The  spider  0  is  then  lowered  by 
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means  of  the  lever  on  the  end  of  the  shaft  carrying  pinion  R.  This 
allows  the  balls  to  be  ground  to  be  fed  into  the  path  N,  and  permits 
the  grinding  to  commence  without  interruption. 

The  emery  wheel,  which  is  eccentric  with  the  path  of  the  balls,  so 
as  to  allow  the  balls  to  successively  cover  the  whole  surface  of  the 
wheel,  is  carried  by  the  lower  head.    The  spindle  K  carries  the  pulley 
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Q  which  Is  driven  by  a  belt  running  over  idlers  to  the  countershaft 
above.  Head  L  is  raised  and  lowered  by  the  screw  V  and  the  bevel 
gears  W.  The  indicator  X,  having  a  pointer  as  shown.  Is  connected  to 
this  mechanism,  and  shows  the  operator  how  many  thousandths  Inch 
more  he  must  remove  from  the  balls.  With  the  introduction  of  this 
machine  the  cost  of  making  balls  was  cut  in  two,  and  the  quality 
obtained  was  far  superior  to  anything  which  had  so  far  been  produced. 
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The  Ha wthora  e  Method  of  Hough  Grinding 

About  tbe  time  when  the  writer  had  designed  the  machine  Just 
described,  the  Hawthorne  Mfg.  Co.,  of  Bangor,  Me.,  decided  to  enter 
into  the  manufacture  of  steel  balls.  This  company  originally  manu- 
factured boot  calks  and  other  lumbermen's  supplies.  Some  articles 
were  manufactured  for  this  concern  by'the  Simonds  Rolling  Machine 
Co.,  and  representatives  of  the  company  frequently  visited  the  Slmonds 
plant     They  observed  the  great  number  of  balls  that  were  beginning 
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o  be  used  In  this  country,  and  hence  concluded  t< 
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enter  Into  this  field. 
The  first  grinder  employed  by  this  company  made  use  of  sand  instead 
of  emery.  A  bed  of  sand  had  been  found  in  which  the  grit  was  so 
hard  that  it  would  cut  the  surface  of  a  ball  and  last  for  a  considerable 
length  of  time  before  being  pulverized.  The  grinding  waa  done  in  a 
closed  path  in  which  water  and  sand  were  used  freely.  The  sand  waa 
fed  from  bins  overhead,  and  washed  out  by  water  when  pulverized. 
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This  was  a  very  cheap  process,  as  far  as  Ihe  grinding  material  was 
concerned,  but  did  not  produce  a  perfectly  spherical  blank.  The  oil 
or  finishing  grinders  had  to  be  relied  upon  to  round  up  the  balls,  and 
a  great  many  seconds  and  thirds  were  produced.  The  process  was 
applicable,  however,  to  the  small  balls  mostly  used  at  that  time,  nearly 
all  balls  being  employed  in 'bicycles.  For  larger  balls,  such  as  are 
now  used  in  automobiles  and  other  machines  of  the  present  day.  these 
machines  would  have  been  useless. 

The  Putnam  Ball  Grinding-  Machine 
About  1899,  Mr.  H.  M.  Putnam,  who  for  several  years  was  connected 
with  the  Simonds  Moiling  Machine  Co..  started  the  Fitchburg  Steel 
Ball  Co..  and  invented  a  dry  grinder,  as  shown  in  Figs.  25.  26  and  27. 
This  machine,  which  had  lo  he  constructed  without  the  Richardson  path, 
was  made  in  the  following  manner:  The  lower  plate  A  which  corre- 
sponds to  the  drive  ring,  was  driven  through  the  tube  B  which  carries 
the  pulley  C.     The  plate  D  which  is  countersunk  as  Indicated  at  E. 
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Fig.  27.  (ace  also  Fig.  25>  is  made  from  saw  steel  and  hardened;  it  is 
then  forced  onto  spindle  F  which  carries  pulley  G.  The  cylinder  H  is 
adjustable  by  means  of  the  screw  thread  K,  and  can  thus,  by  means 
of  liandwheel  0,  be  raised  or  lowered  by  the  operator  so  that  the  balls 
will  come  in  contact  with  the  emery  wheel  L.  This  wheel  is  fastened 
to  the  upper  spindle  X,  which  is  driven  from  pulley  31  by  a  belt  passing 
over  two  idler  pulleys  to  the  countershaft  on  the  floor,  as  shown.  This 
machine  is  very  simple,  but  it  does  not  grind  an  accurate  ball  on 
account  of  the  balls  being  at  various  distances  from  the  center,  thereby 
giving  them  different  rates  of  speed.  The  outer  balls  are  ground  faster 
than  those  at  the  center,  and  thus  balls  of  all  kinds  of  diameters  and 
degrees  of  accuracy  are  produced.  The  balls  are  not  held  firmly  in  the 
r>='h  as  in  the  Richardson  grinder,  but  are  simply  confined  In   the 
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countersunk  holes  bo  that  they  will  not  be  thrown  from  the  plate.  This 
allows  the  ball  to  take  Its  own  course,  and  it  becomes  badly  out  of 
round  during  the  grinding  process.  The  writer  Is  of  the  opinion  that 
this  machine  might  have  been  Improved,  but  the  company  discontinued 
business  soon  after  the  machine  was  built 

Tbe  Chicago  Steel  Ball  Co.'b  Grinder 

About  the  same  time  the  Chicago  Steel  Ball  Co.,  of  Chicago,  III., 
brought  out  a  dry  grinder  which  had  several  good  features,  and  which 
was  somewhat  similar  in  operation  to  the  welt-known  Hoffmann  machine 
which  will  be  described  in  detail  In  the  following.  The  Chicago  Steel 
Ball  Co.'s  machine  had  the  emery  wheel  and  the  drive  wheel  placed  In 
a  vertical  position.  There  were  several  concentric  circular  paths  on 
tbe  drive  ring,  and  the  balls  were  transferred  from  one  Into  another. 
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ihus  giving  tbe  balls  a  different  spiral  motion  on  account  of  being  at 
various  distances  from  the  center.  This  machine  ground  a  very  ac- 
curate ball,  but  on  account  of  Its  poor  construction  and  the  poor  method 
used  for  transferring  the  balls  from  one  path  to  another,  It  was  but 
little  used,  and,  therefore,  had  no  particular  Influence  on  ball  manu- 
facturing methods. 

The  Hpffmann  Grinder 

What  may  be  considered  as  one  of.  the  best  ball  grinding  machines 
constructed  was  Invented  In  1905  by  Mr.  E.  G.  Hoffmann,  who  was  at 
that  time  connected  with  tbe  Hoffmann  Ball  Co.,  In  England.  This 
machine  required  several  years  for  Its  development,  but  when  com- 
pleted It  produced  a  very  accurate  ball,  and  Is  greatly  appreciated  by 
ball  manufacturers. 

In  the  preceding  chapter,  the  Hoffmann  ball  turning  machine  was 
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described.  Ttie  blanks  produced  by  this  machine  are  accurate,  and 
but  liltle  grinding  is  required  on  them.  These  bails,  therefore,  are 
especially  suited  tor  grinding  in  the  Hoffmann  grinder,  as  this  machine 
is  very  slow,  and  cannot  be  used  to  advantage  on  pressed  blanks  or 
forgiugs,  unless  they  have  been  previously  rough  ground  hy  some  other 
process.  The  machine  Is  automatic,  and  requires  little  or  no  attention, 
except  for  gaging  toe  balls  at  intervals  during  the  grinding.     The 


macliiup  requires  from  three  to  five  hours  for  removing  0.001  Inch  on 
a  Vj-lnclt  ball. 

In  Fig.  28.  diagrammatical  illustrations  of  the  Hoffmann  machine 
as  originally  designed,  are  shown.  Pulley  D  is  driven  by  a  belt  from 
the  countershaft,  and  revolves  upon  a  stationary  shaft  B.  The  pulley 
is  fastened  to  the  disk  C  which  has  a  series  of  grooves  in  its  face. 
Plate  A.  which  also  has  a  series  of  concentric  grooves  to  correspond 
with  those  on  disk  C.  is  stationary  and  is  fastened  to  shaft  B.  The 
balls  are  placed  in  the  machine  so  as  to  fill  all  the  concentric  grooves. 
spring  E  forcing  disk  C  against  plate  A,  thus  holding  the  balls  in  place. 
b  machine  fs  then  started,  and  the  balls,  by  means  of  the  mixer  and 
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riews  at  H  and  A',  ore  changed  from  c 


Interchanger  shown  in  1 
groove  to  another. 

As  indicated  at  B,  K  and  L.  slots  F  are  cut  through  the  stationary 
disk,  a  slot  being  directly  opposite  each  of  the  grooves  if.  In  eacb  slot 
is  placed  a  finger  N  which  projects  slightly  beyond  the  bottom  of  the 
groove  into  the  corresponding  groove  in  the  rotating  disk  C.  The 
function  of  the  finger  is  to  stand  in  the  path  of  the  balls  so  as  to 
positively  dislodge  each  ball  from  the  groove  as  It  reaches  the  point 
where  the  finger  Is  located.     Each  finger  discharges  (he  hall  from  the 


,■     Grh,.i[nK 


1     I,,, 


d  Fi«.  M 

corresponding  groove  upon  a  table  G  which  affords  a  surface  upon 
which  the  balls  may  roll,  and  which  also  directs  the  balls  back  toward 
the  grooves  below  the  fingers,  the  table  being  slightly  inclined  toward 
the  lower  portion  of  the  slots  F.  It  will  be  seen  that  tliia  keeps  the 
balls  moving  from  one  groove  to  another  so  as  to  place  them  at  differ- 
ent distances  from  the  center  at  each  revolution  of  plate  A.  Thia 
results  in  the  grinding  of  a  very  accurate  ball. 

The  grinding  ia  done  with  oil  and  emery  introduced  in  the  required 
quantities  upon  the  table  G,  and  fed  into  the  machine  by  the  balls. 
This  machine  was  further  Improved  by  the  introduction  of  an  emery 
wheel  in  place  of  the  grinding  ring  C.  The  improvement  was  very 
marked,  as  the  grinder  C,  when  made  of  cast  bH^was  fl[>t  t'i  he  spongy. 
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and  softer  in  some  spots  than  ia  others;  It  would,  therefore,  quickly 
ar  out  of  shape.  The  replacing  of  this  disk  by  the  emery  wheel 
overcame  these  difficulties.  Kerosene  oil  is  used  to  keep  the  grooves 
clear  of  the  loose  particles  of  abrasive  material,  and  prevents  the  balls 
from  being  badly  scratched  or  cut.  A  very  peculiar  fact  about  this 
grinder  is  that  the  emery  wheel  Is  run  at  only  75  revolutions  per 
note,  Instead  of  at  the  peripteral  speed  of  5000  feet,  generally  re- 
quired by  emery  wheel  manufacturers. 

After  the  balls  have  been  rough  ground  so  as  to  remove  all  scale  and 
decarbonized  surface  resulting  from  the  forging  operation,  they  are 


taken  to  the  hardening  room  where  they  are  first  annealed.  This 
annealing  removes  any  internal  stresses  caused  by  forging  or  other 
methods  of  blanking.  The  process,  as  indicated  in  Fig.  30,  is  auto- 
matic. The  balls  are  fed  Into  the  hopper  B  which  is  revolved  by  a 
worm  and  worm-wheel  placed  at  the  opposite  end  of  the  machine. 
From  this  hopper  the  balls  are  fed  into  the  spiral  E  which  they  follow 
until  they  reach  the  opposite  end,  where  they  drop  into  the  outer  spiral 
H.  which  is  revolved  In  the  opposite  direction.  Finally  the  balls  fall 
out  of  the  cylinder  at  I  into  the  funnel  K.  The  machine  Is  heated  by 
i  with  burners  at  li,  thus  preventing  the  heat  from  coming  into 
direct  contact  with  the  balls  and  decarbonizing  the  surface. 
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After  being  aDDealed.  the  balls  are  put  through  the  same  machine 
to  be  heated  (or  the  hardening.  They  are  heated  to  exactly  1276 
degrees  F.,  the  temperature  being  determined  by  a  pyrometer.  The 
thermo-couple  is  placed  near  the  point  where  the  balls  leave  the 
cylinder. 

The  smaller  balls  are  dropped  into  a  reservoir  of  oil,  while  the  larger 
ones  are  immersed  in  brine.  The  oil  reservoir,  shown  at  A  In  Fig.  31, 
consists  of  a  length  of  30-inch  water  pipe,  one  end  being  provided  with 
a  head  strongly  bolted  to  It  so  that  it  is  water-tight.  The  pipe  is  sunk 
Into  the  ground  so  that  the  top  can  receive  the  balls,  as  Indicated  at  L. 
Fig.  30.  Inside  of  this  cast-Iron  pipe  is  placed  a  coll  of  IVi  inch  water 
pipe,  in  which  cold  water  fs  circulated  In  order  to  keep  the  bath  coot. 
A  rod  with  a  number  of  inverted  galvanized  Iron  cones  B.  adjustably 
fastened  onto  the  rod  by  the  holders  ft  is  then  placed  in  the  bath. 
I  Parts  B  and  C  are  also  shown  fn  detail  in  Fig.  31.)  When  the  balls 
drop  into  the  bath  In  tbe  pipe,  they 
strike  the  side  of  tbe  upper  cone, 
which  shoots  them  off  at  an  angle 
until  they  strike  the  opposite  aide  of 
the  next  cone;  this  reverses  tbelr  di- 
rection of  motion,  so  that' they  reach 
the  basket  at  the  bottom  in  a  zig- 
zag path,  thoroughly  cooled  off. 
When  the  balls  are  thus  cooled  off, 
the  rod  with  the  basket  at  tbe  lower 
end  Is  pulled  out,  and  the-  balls  In 
the  basket  are  allowed  to  drain,  the 
oil  draining  back  into  the  pipe. 

The  best  oil  for  the  hardening  of 
balls  is  cotton-seed  oil;  while  it  Is 
very  expensive,  it  has  sufficient  body 
to  cool  the  balls  thoroughly,  and  It 
does  not  need  to  be  replaced.  It  is  only  necessary  to  add  to  It,  from 
time  to  time,  due  to  the  loss  from  evaporation. 

The  larger  balls  are  hardened  in  brine.  The  machine  shown  In  Fig- 
30  is  placed  at  the  edge  of  a  tank  of  the  type  shown  at  D,  Fig.  31.  This 
tank  has  a  scries  of  shutters  made  In  the  from  of  steps  overlapping 
each  other  as  indicated.  These  steps  force  the  balls  to  traverse  in  a 
zigzag  path  through  the  brine  in  the  tank  for  a  considerable  time 
before  dropping  into  the  basket  at  the  bottom. 

The  largest  balls  are  heated  for  hardening  by  being  placed  on  the 
tiling  of  a  regular  casehardenlng  furnace,  similar  to  that  made  by  the 
Brown  &  Sharpe  Mfg.  Co.,  and  are  allowed  to  heat  slowly  through  to 
the  center,  the  balls  being  revolved  gradually.  Two  or  more  balls, 
according  to  size,  are  then  placed  in  a  wire  basket  and  rapidly  swung 
to  and  fro  In  the  brine  tank  until  thoroughly  cooled  off.  All  balls,  as 
soon  as  they  are  taken  from  the  hardening  tanks  are  placed  in  a  kettle 
of  boiling  soda,  not  only  for  the  purpose  of  washing  them,  but  also  to 


GRINDING  AND  HARDENING  37 

prevent  the  air  from  coming  in  contact  with  them  at  a  time  when  they 
are  extremely  hard.  The  balls  are  then  placed  In  the  drawing  kettles, 
which  are  filled  with  oil  heated  to  325  degrees  F. 


The  balls  are  now  ready  to  return 
ment,  where  the  same  machine  as 
that  a  finer  grade  of  emery  wheel  1. 
the  proper  size  for  the  oil  grinders. 


to  the  finish  dry  grinding  depart- 

shown   in   Fig.   24  la  used    (except 

,  employed)   to  reduce  the  balls  to 

For  this  finish  dry  grinding  the 


inner  and  outer  segment  are  ground  true,  so  that  the  path  formed  is 
a  perfect  track  for  the  balls. 

In  Fig.  32,  the  improved  Grant  machine  (Fig.  24)  is  shown,  with  the 
two  extremes  in  size  of  balls  which  this  machine  will  grind.  In  Fig. 
S3  is  shown  the  special  grinding  machine  which  is  used  for  grinding 
the  segments  that  form  the  path  for  the  balls.  These  special  grinders 
are  very  simple  in  construction,  the  wheel  head  being  solid  and  the 
spindle  on  which  the  segment  plate  is  fastened  being  driven  by  a  worm 
through  a  shaft  from  a  pulley  in  the  rear.  The  two  adjustments  up 
and  down  and  in  and  out  are  operated  by  the  shafts  which  project  in 
the  front.  By  this  grinding,  the  segments  are  made  absolutely  true, 
and  by  grinding  the  drive  ring  by  the  emery  wheel  on  the  machine  on 
which  it  is  used,  the  balls  will  make  contact  on  three  points  absolutely 
true  with  each  other,  and  hence  the  balls  produced  will  be  absolute 
spheres,  ready  for  the  final  oil  grinding. 

Fig.  34  shows  the  ordinary  type  of  oil  grinders.  These  are  usually 
placed  in  groups  of  three.  The  machines  are  provided  with  a  quill,  on 
which  a  rack  is  cut  for  raising  and  lowering  the  head  by  means  of  the 
lever  shown  projecting  at  the  front  of  the  machine.  The  machines 
run  about  450  revolutions  per  minute.  The  oil  grinding  constitutes 
the  final  finishing  operation,  and  requires  considerable  skill.  The 
operator  must  know  just  how  much  oil  and  emery  to  use.  and  how 
long  to  run  the  rings  so  as  to  make  (he  balls  round  up. 

Assume,  for  example,  that  a  man  is  to  finish  grind  balls  \\  inch  In 
size.  In  Fig.  35  is  shown  a  diagrammatical  section  of  (he  grinding 
rings.  The  circular  path  of  the  balls  is  usually  16  inches  in  diameter. 
A  half  circular  groove  is  cut  in  the  bottom  ring,  as  Indicated,  and  a 
small  channel  is  cut  at  the  bottom  of  the  groove  to  allow  the  oil  and 
emery  to  reach  the  bottom  of  the  ball.  The  top  ring  Is  simply  a  cylinder 
shrunk  onto  a  plate.  This  plate  can  be  used  over  and  over  again,  by 
merely  breaking  off  the  cylinder  when  used  up  and  shrinking  a  new 
ring  in  place.  The  upper  cylinder  has  a  shallow  groove  in  it  for  the 
balls.  After  the  balls  have  been  placed  in  the  ring,  the  oil  and  emery 
are  poured  in,  and  the  upper  ring  is  lowered  onto  the  balls,  the  machine 
then  being  ready  to  start  The  Vi-inch  balls  should  have  0.006  inch 
left  for  the  finishing  operation.  The  operator  gages  the  balls  and  sets 
his  clock  on  the  head  of  the  machine  as  many  minutes  ahead  of  the 
clock  in  the  room  as  he  knows  will  be  required  to  obtain  very  nearly 
the  final  size.    At  this  time  he  must  stop  the  head  and  again  measure 
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the  balls.  The  operator  runs  three  heads,  and  as  each  head  finishes 
its  work  at  different  Intervals,  he  has  ample  time  to  stop  any  one  head 
and  take  out  three  or  four  balls  from  different  parte  of  the  ring.  After 
washing  them  in  benzine,  he  measures  them  with  his  micrometer, 
testing  both  the  size  and  roundness;  if  not  to  size,  he  replaces  them 
and  applies  the  required  amount  of  oil,  emery  and  speed,  until  he 


obtains  a  ball  that  Is  as  nearly  perfect  as  possible  In  all  respects. 

The  grinding  ring  should  be  of  porous  medium  soft  cast  iron,  as  tho 
oil  grinding  is  merely  a  lapping  procesB,  and  the  ring  must  wear  away 
to  allow  the  balls  to  round  up.  On  account  of  the  larger  diameter  at 
the  outside  Y  than  at  the  Inside  X  or  the  balls.  Fig.  35.  there  la  & 
greater  peripheral  speed  at  the  outside.  This  causes  the  balls  to  move 
in  a  spiral  path,  as  they  revolve,  so  as  to  bring  all  points  of  the  surface 
in  contact  with  the  ring.  The  operator,  when  using  a  new  ring  for 
the  first  time,  must  make  allowance  for  the  ring  not  having  become 
penetrated  with  emery,  and  also  for  its  being  cold.  Later  the  output 
can  be  greatly  increased.  The  heads  on  the  grinders  must  be  kept 
in  perfect  alignment,  so  that  the  balls  will  be  ground  on  the  entire 
circumference  of  the  rings. 

Fig.  36  shows  a  special  ring  turning  lathe  for  dressing  the  oil  grinder 
rings.  It  Is  necessary  that  these  rings  be  free  from  chatter  marks 
and  Imperfections  of  any  kind,  so  that  even  the  first  sets  of  balls  ground 
by  them  will  be  perfect;  otherwise  the  first  balls  would  have  to  bo 
classified  as  seconds  or  thirds  on  account  of  poor  grinding. 


CHAPTER   III 

INSPECTING,  GAGING  AND  TESTING  OP  BALLS 

In  the  present  chapter,  the  inspection,  grading,  gaging,  and  testing 
of  the  balls  are  described,  and  a  few  points  given  for  the  benefit  of  the 
user  and  purchaser  of  steel  balls. 

The  Burnishing'  and  Tumbling  processes 

When  the  balls  come  from  the  oil  grinders,  they  have  a  dull  finish 
and  must  be  burnished  or  tumbled.  The  burnishing  can  be  done  in 
the  oil  grinder  with  a  set  of  rings  having  grooves  in  them  the  exact 
size  of  the  balls.  A  light  oil  is  used,  and  after  a  very  short  run  of  the 
machines,  a  finely  polished  surface  will  be  produced.  This  process, 
however,  is  expensive,  and  the  ordinary  tumbling  method  is  most  gen- 
erally used.  The  tumbling  barrel  universally  adopted  is  of  the  regular 
iron  tilting  type.  The  balls  are  placed  in  the  barrel  in  sufficient 
quantities  so  that,  when  they  roll  over  and  over,  their  weight  will 
cause  enough  friction  between  them  to  polish  them.  A  polishing  ma- 
terial is  placed  in  the  barrel,  and  the  latter  is  allowed  to  run  at  least 
ten  hours  to  produce  a  good  surface.  The  balls  are  then  cleaned  oft* 
by  tumbling  them  in  sawdust,  and  later  placed  in  another  barrel  with 
finely  cut  kid  leather.    This  final  tumbling  brings  out  the  high  polish. 

Inspection 

The  balls  are  now  ready  to  be  inspected,  which  is  done  almost  exclu- 
sively by  girls.  The  skill  and  rapidity  which  can  be  obtained  in  doing 
this  work  is  certainly  most  remarkable.  One  girl  can  inspect  fifty 
thousand  ^4 -inch  balls  in  ten  hours.  This  inspection  is  done  on  glass 
plates  which  are  about  ten  inches  square  and  inserted  in  a  frame  so 
that  the  balls  cannot  roll  off.  The  under  side  of  the  glass  is  painted 
so  as  to  reflect  the  light  The  plate  is  about  half  filled  with  balls  and 
is  placed  upon  a  box  which  is  titled  slightly  towards  the  inspector. 
This  causes  the  balls  to  always  roll  to  the  front.  The  inspector  holds 
in  her  hand  a  magnet  resembling  in  shape  a  knitting  needle.  The  end 
is  sufficiently  magnetized  to  raise  one  ball  of  the  size  being  inspected 
from  the  glass.  In  the  other  hand  the  inspector  holds  a  pl<*cc  of  heavy 
white  paper  4  inches  wide  by  8  inches  long,  which  sheet  slides  under 
the  balls.  This  makes  the  balls  revolve,  and  with  the  magnet  defect!  v« 
balls  are  picked  out.  The  defects  consist  of  pits,  bands,  dents,  seal", 
rough  grinding  marks,  etc 

The  different  grades  are  separated  in  boxes,  placed  to  th«  right  of 
the  inspector,  and  they  an  Vi«nsnt  purpose*  awnilng  u> 

the  requirements  pi  evident  that  dW-nnt 

grades  of  balls  snap  *  that  ball  bonring* 

are  employed  te  m  icn  **  M'  y/ 1<*, 

clothes-wrinjera, 
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After  the  balls  have  been  inspected  for  defects  they  are  rolled  back 
and  forth  on  the  glass  plate  in  order  that  those  that  are  out  of  round 
may  be  picked  out  As  the  balls  which  are  not  perfectly  spherical  will 
take  a  zigzag  motion  when  rolling  down  the  plate,  and  the  true  balls 
will  run  straight,  it  is  comparatively  easy  for  the  inspector  to  pick 
out  the  imperfect  ones.  An  expert  inspector  does  not  stop  each  time 
she  picks  up  a  ball  to  place  it  in  the  boxes,  but  will  usually  toss  it  into 
the  palm  of  her  hand,  which  will  generally  hold  all  of  one  grade  that 
she  will  pick  out  from  the  batch  of  bails  on  the  plate.  Balls  larger 
than  %  inch  in  diameter  are  generally  taken  up  by  hand  and  looked 
over.  Those  that  are  out  of  round  in  the  larger  sizes  are  taken  out 
while  measuring  the  balls. 

Grades  of  Balls 

Balls  are  generally  graded  into  four  main  classes,  known  as  alloy, 
and  A,  B,  and  C  grades.  The  steel  for  the  alloy  balls  contains  chro- 
mium, and  these  balls  have  the  greatest  crushing  strength.  They 
must  be  absolutely  free  from  defects  as  regards  material  and  finish, 
and  must  not  vary  in  size  more  than  0.0001  inch.  Balls  classified  as 
A-grade  are  made  from  high-grade  tool  steels,  accurately  finished,  and 
thoroughly  inspected,  and  must  not  vary  over  0.001  inch  above  or  below 
the  exact  dimension.  The  balls  known  as  B-grade  are  the  seconds 
taken  from  the  two  higher  grades  mentioned.  These  are  the  balls 
which  show  slight,  almost  invisible,  defects,  and  which  vary  from 
0.001  to  0.002  inch.  The  Ograde,  commonly  known  as  hardware  balls, 
are  those  picked  from  the  higher  grades  when  these  show  a  defective 
surface.  Whether  these  balls  are  gaged  or  not  depends  upon  the  use 
to  which  they  are  to  be  put 

The  Gaging  of  the  Balls 

After  the  inspection,  the  balls  are  automatically  gaged,  the  gaging 
being  done  in  a  gaging  machine  in  which  the  balls  are  fed  from  a 
hopper  and  allowed  to  roll  down  between  two  hardened  straightedges 
and  to  fall  into  tubes  which  carry  them  to  the  proper  drawer,  as  indi- 
cated in  Fig.  37.  This  illustration  shows  the  Grant  ball  measuring 
machine.  At  A  is  shown  the  automatic  dropping  machine,  and  at  B 
the  delivery  spout  through  which  the  balls  drop  into  the  measuring 
slides  C,  provided  with  a  longitudinal  slot  or  opening  O  between  them. 
The  sides  of  the  slot  may  be  accurately  separated  any  desired  amount 
by  the  micrometer  adjusting  screws  provided  at  both  ends.  Conse- 
quently, the  flare  of  the  slot  may  be  adjusted  so  that  it  is  possible  to 
determine  exactly  what  the  diameter  is  of  the  balls  that  will  drop  Into 
each  of  the  tubes  and  drawers  beneath  the  measuring  slide  as  the  balls 
roll  down  along  it 

As  is  clearly  shown  in  the  illustration,  pockets  are  arranged  succes- 
sively beneath  the  inclined  slot,  and  are  connected  by  pipes  with  H 
drawers  of  the  cabinet  underneath.    It  is  evident  that  in  this 
of  the  same  size  will  go  into  the  'er  each 

that  go  into  the  middle  drawer  t 
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go  into  the  upper  drawers  being  those  that  are  too  small,  while  the 
large  balls  will  go  Into  the  lower  drawers.  The  balls  that  are  entirely 
too  large  will  run  down  the  full  length  of  the  measuring  slide  and 
will  be  deposited  In  the  box  X.  Those  that  are  deposited  In  the  drawers 
of  the  cabinet  will  be  from  0.0025  to  0.005  inch  too  large  or  too  small, 
according  to  the  setting  of  the  slides. 

The  exact  arrangement  of  these  measuring  devices  varies  somewhat. 

In  Fig.  38  Is  shown  a  group  or  the  type  of  machines  just  described. 

ek  Is  run  through  the  center  of  the  machine.    In  this  rack,  directly 

■  hopper,  there  Is  a  hole  having  a  bushing  In  It  of  the  size 

"^  gaged.    The  ball  drops  from  the  hopper  Into  this  bush- 

'  forward  until  It  comes  to  an  opening  which  is  con- 
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nected  with  a  tube  for  carrying  the  ball  to  the  measuring  slides.  The 
rack  Is  operated  by  a  sector  of  a  gear  mounted  on  a  shaft  having  an 
eccentric  pin  on  one  end  and  a  pulley  on  the  other.  Inside  of  the 
hopper  there  Is  a  small  tube  which  is  operated  up  and  down  by  two 
levers,  one  being  attached  to  the  eccentric  pin  and  the  other  to  the 
tube.  This  arrangement  prevents  the  halls  from  clogging  ao  that  the 
bushing  in  the  rack  Is  always  ready  with  a  ball  to  carry  forward 
thereby  constantly  feeding  balls  to  the  measuring  slides. 

In  Fig.  39  is  shown  a  Grant  machine  with  the  measuring  slides 
removed.  This  particular  machine  la  worked  by  a  worm  and  worm- 
wheel  instead  of  by  a  rack.  There  are  two  disks,  beneath  the  balls 
in  the  hopper,  the  upper  one  of  which  is  keyed  to  the  shaft  fastened  >o 
the  worm-wheel  and  hence  revolves.     This  disk  has  a  series  of  boles 


Fig.  39.     A  Butter;  of   Oi 


0»ging  Machine 


drilled  near  the  periphery,  these  holes  being  0.005  Inch  larger  than  the 
bull  to  be  gaged.  The  lower  plate  has  a  hole  In  it  directly  above  the 
measuring  slide,  ho  that  when  the  upper  disk  carrying  the  balls  pre- 
sents a  hole  directly  above  the-  hole  iu  the  lower  disk,  the  boll  will 
drop  through  the  hole  and  tube  into  tii<'  measuring  slide.  As  the 
hopper  Is  full  of  balls  there  is  a  liability  of  clcRging,  because  two  twill* 
may  have  a  tendency  to  drop  through  the  hole  at  .imit  win 
ing  is  presented.  The  dossing  '■  nd.-iifj  it;  .nvn-omfi  by  a  cut-OS  D 
of  a  thin  piece  of  tool  steel  with  beveled  edges,  which  c 
In  the  revolving  disk,  the  holes  covered  being  the  o 
lower  disk  and  the  one  neit  to  follow.  This  prevents  J 
balls.  The  remainer  of  the  machine  and  cabinet  is 
same  as  in  the  machine  shown  in  Fig.  37. 
In  the  Putnam  gaging  machine  the  hopper  is  worked  pra 
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le  as  in  a  machine  for  slotting  screws.  Fingers  raise  the  ball, 
allowing  it  to  Fall  into  a  trough,  and  then  through  a  tube  onto  the 
measuring  aWc*. 

This  mechanical  gaging  and  sorting  of  balls  is  applied  to  all  size? 
up  to  and  Including  ^  inch.  The  large  sizes  are  measured  by  hand 
by  micrometers.    The  girls  employed  for  this  work  pick  them  up  on? 

one  and  measure  each  ball  separately  over  several  diameters,  thron- 


ing them  Into  small  boxes  placed  before  them,  each  of  the  boxes  con- 
taining a  certain  size  of  balls  between  the  limits  of  measurements 
adopted.  This  work  Is  very  rapidly  done,  as  the  operators  become 
very  skillful. 

Counting  the  Balls 

Tim  next  operation  is  the  counting  and  boxing  of  the  balls  which  at 

Brat  sight  might  be  assumed  to  be  a  tedious:  ami  very   «low  operation. 


So  it  wo 


ihanical  means  adopted  for  doing 
are  counted  by  means  of  a 
1g.   40.  which   has  holes  sunk   in   It 
round  the  board  is  tacked  a  narrow 
from  rolling  off.    The  balls  are  then 
which  do  not  And  a  hole  to  enter 
predetermined  number  of  notes 
iy  balls  she  has, 
the  counting  board  into  a 
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pasteboard  box  in  which  the  balls  are  packed.    In  this  way  one  girl 
can  easily  count  a  million  balls  a  day  and  do  other  work  besides. 

The  pasteboard  boxes  are  made  of  a  telescoping  form,  lined  with 
paper  which  Is  free  from  acid  and  which  has  previously  been  soaked 
In  an  anti-rust  compound.  The  balls,  which  have  a  very  high  polish, 
would  otherwise  easily  rust  on  account  of  sweating,  which  Is  caused 
by  the  difference  In  temperature  of  extreme  heat  and  cold.  It  is  very 
essential  that  steel  balls  should  be  kept  in  a  room  properly  heated. 

The  Testing  of  Balls 

The  testing  of  a  steel  ball   for  crushing  strength  should  be  done 

between  hardened  plates  by  placing  three  baits  in  a  tube  Into  which 

they  nearly  fit     The  center  ball  is  the  one  that  will  be  tested.     The 


m 


Tig.  40.      Coiratim 


•id  for  t/ie-lndi  I 


upper  and  lower  balls  will,  of  course,  sink  into  the  plates,  and  this  will 
give  them  more  of  a  surface  bearing  than  the  middle  ball,  which  bears 
only  In  two  points  upon  the  upper  and  lower  balls;  hence  the  middle 
ball  will  ordinarily  give  way  first  As  the  pressure  Is  applied,  a  double 
pressure  cone  will  be  formed  Inside  of  the  ball,  this  cone  having  its 
apexes  where  the  outside  balls  bear  on  the  middle  ball.  If  properly 
hardened,  a  ball  will  break  into  several  pieces.  This  method  la  the 
proper  way  to  test  a  ball,  but  there  seldom  are  two  balls  that  will 
stand  exactly  the  same  load  when  tested.  This  Is  caused  largely  by 
the  methods  in  which  the  ball  blank  is  made.  As  will  be  remembered 
from  the  description  of  the  making  of  the  blanks  In  the  first  chapter 
of  this  book,  the  balls  In  the  forging  process  are  much  more  compact 
it  what  might  be  called  the  "poles."  that  is,  where  they  Join  the 
neit  ball  forged,  than  at  the  "equator."    Therefore,  if  the  center  ball 
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being  tested  has  the  point  of  contact  on  the  "equator,"  it  will  not 
stand  within  ten  or  twenty  per  cent  of  the  load  that  it  would  stand 
if  the  points  of  contact  were  at  the  "poles."  The  same  method  of 
reasoning  may  be  applied  to  stamped  and  turned  balls. 

Through  the  means  of  this  testing  operation  and  the  appearance  of 
the  fracture,  it  can  be  determined  whether  the  balls  have  been  properly 
hardened.  Every  batch  of  steel,  no  matter  how  carefully  made,  usually 
requires  a  slightly  different  treatment  in  hardening,  and  what  this 
treatment  is  must  be  determined  by  the  man  responsible  for  the  hard- 
ening work.  The  accompanying  table  shows  the  crushing  load  ordin- 
arily required  by  ball  manufacturers  for  regular  tool-steel  balls. 


Size  of 

Ultimate  Strength 

Size  of 

Ultimate  Strength 

Ball 

of  Ball 

Ball 

of  Ball 

in  Inches 

In  Pounds 

in  Inches 

In  Pounds 

1/16 

390 

5/8 

39,000 

3/32 

875 

3/4 

56,250 

7/64 

1,562 

13/16 

66,000 

1/8 

2,450 

7/8 

76,000 

3/16 

3,496 

15/16 

88,000 

7/32 

4,780 

1 

100,000 

1/4 

6,215 

1     1/8 

125,000 

5/16 

9,940 

1     1/4 

156,000 

3/8 

14.000 

1     1/2 

225,000 

7/16 

19,100 

1     5/8 

263,000 

1/2 

25,000 

1     3/4 

306,000 

9/16 

31,500 

2 

400,000 

The  figures  above  have  been  adopted  after  a  great  many  years  of  test- 
ing and  are  considered  by  the  manufacturers  safe  figures  with  which  to 
calculate.  Of  course,  in  selecting  a  ball  for  a  bearing,  a  factor  of  safety 
of  ten  should  always  be  adopted  unless  the  bearing  is  used  in  an  ex- 
tremely narrow  space.  The  grooves  in  which  the  balls  run  when  heavy 
loads  are  imposed  should  be  round  and  not  of  V-form.  No  figures  can 
be  given  relating  to  tests  of  balls  made  from  alloy  steel,  because  these 
steels  give  such  irregular  results  that  the  manufacturers  have  been 
unable  to  compile  any  data  that  would  be  in  any  way  satisfactory.  It 
is,  however,  safe  to  state  that  the  alloy-steel  balls  will  stand  from  25  to 
50  per  cent  more  than  the  regular  tool-steel  balls. 

Balls  of  Other  Materials  than  Steel 

Balls  are  made  of  a  great  many  other  materials,  brass  and  bronze, 
for  instance,  being  used  extensively  for  oil-well  devices  where  acid  is 
found  in  the  crude  oil.  Such  balls  are  also  used  in  valves  where  the 
material  to  be  pumped  will  rust  steel  balls  and  cause  corrosion,  and 
als6  in  electrical  work.  German  silver  balls  are  used  in  Yale  locks  to 
prevent  corrosion  when  used  on  shipboard  or  in  other  places  where  they 
would  be  subjected  to  the  damp  sea  air.  Casehardened  machine  steel 
balls  are  used  extensively  in  agricultural  implements  and  similar  *r 
paratus  on  account  of  being  inexpensive.  Chilled  cast-iron  balls 
used  in  turntables,  trucks,  and  for  similar  requirements* 
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Points  for  the  User  and  Purchaser  of  Steel  Balls 

In  the  following  the  essential  points  relating  to  the  manufacture  of 
balls  which  should  be  kept  in  mind  by  a  purchasing  agent  or  consumer 
are  given.  Nothing  but  a  tool-steel  ball  should  be  used  for  high-grade 
work,  and  it  is  very  important  that  it  be  properly  heat-treated.  Do  not 
be  deceived  by  a  finely  polished  ball,  as  high  polish  and  deep  scratches 
(which  show  only  under  a  magnifying  glass)  do  not  necessarily  indi- 
cate a  good  ball.  In  fact,  the  outside  appearance  has  little  or  nothing  to 
do  with  the  wear  of  a  ball,  for  a  dull  looking  ball  may  be  just  as  good 
as  one  with  the  highest  polish.  The  polish  is  merely  the  result  of  the 
tumbling  process. 

The  first  requirement  is  that  the  right  material  has  gone  into  the 
balls.  It  costs  but  little  to  have  the  steel  analyzed  so  that  the  purchaser 
may  know  whether  he  is  getting  a  tool-steel  ball  or  a  machine-steel  ball. 
The  fact  that  the  ball  has  only  a  point  bearing  makes  it  the  more  im- 
portant that  it  be  made  from  good  material  in  order  to  stand  the  pres- 
sure to  which  it  may  be  subjected.  Casehardened  machine-steel  balls 
ought  not  to  be  used  when  heavy  duty  is  required.  Naturally  there  is 
some  difference  in  the  quality  of  the  steel  that  costs  thirty-five  dollars 
per  ton  from  that  which  costs  one-hundred-fifty  dollars  per  ton. 

It  is  true  that  a  ball  can  be  casehardened  very  deeply,  in  fact,  almost 
through  to  the  center,  but  it  should  be  remembered  that  casehardening 
implies  adding  carbon  to  the  steel  under  a  high  heat,  which  causes  the 
pores  in  the  steel  to  open  so  that  the  carbon  can  enter.  The  process, 
however,  does  not  remove  the  injurious  elements,  such  as  phosphorus, 
sulphur  and  silicon,  of  which  the  cheaper  steel  contains  a  large  percent- 
age. It  is,  of  course,  perfectly  satisfactory  to  use  casehardened  balls 
for  many  purposes,  but  when  it  comes  to  a  really  high-grade  article,  the 
highest  class  of  steel  is  to  be  preferred. 

In  order  to  determine  whether  a  ball  has  been  properly  heat-treated, 
place  the  finished  ball  in  a  piece  of  waste  on  an  anvil  and  break  it  open 
with  a  heavy  blow.  The  waste  prevents  the  pieces  from  flying  around. 
If  the  ball  is  properly  heat-treated,  the  break  will  show  a  soft  silky-ap- 
pearing surface — the  grain  of  the  steel  being  fine.  If  it  has  not  been 
heat-treated,  it  will  look  coarse  and  granular,  having  more  the  appear- 
ance of  cast  iron. 

If  during  the  test  the  ball  should  break  in  half,  it  would  indicate 
th^it  it  had  not  been  properly  drawn  after  hardening,  but  was  still 
subjected  to  internal  stresses.  If  such  a  ball  is  placed  in  a  bearing, 
it  will  easily  break  if  subjected  to  a  severe  shock  or  strain.  If  a 
ball  has  been  properly  drawn  it  can  be  touched  with  a  fine  Swiss  file, 
and  under  the  blows  of  a  heavy  hammer  it  will  dent  slightly  and  break 
into  several  pieces. 

Balls  over  5/16  inch  in  diameter  that  have  been  turned  or  headed 
should  not  be  used  for  heavy  duty,  as  they  are  not  as  good  as  balls  for 
which  the  blanks  have  been  forged.  The  headed  ball,  on  account  of  the 
severe  shock  to  which  the  metal  is  subjected  when  cold,  cannot  be 
treated  so  as  to  stand  the  strain  that  the  forged  ball  will  stand.     A 
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turned  ball  is  cut  from  a  rod  which  is  rolled,  so  that  the  grain  of  the 
steel  is  in  a  lengthwise  direction;  hence  when  a  ball  is  turned  from 
this  bar  the  surface  of  the  ball  consists  of  a  mass  of  exposed  fibers. 
When  put  under  a  heavy  strain,  as  in  a  thrust  bearing,  it  will  pit  and 
flake  off.  The  surface  of  the  ball  should  be  smooth,  that  is,  all  the 
marks  from  the  rough-grinding  process  should  have  been  removed  in 
the  finish-grinding.  If  this  has  been  done  it  can  be  readily  determined 
by  a  magnifying  glass. 

A  ball  made  from  a  forged  blank  cannot  be  hardened  properly  unless 
the  decarbonised  surface  has  been  wholly  removed.  Some  manufac- 
turers attempt  to  keep  the  forgings  as  small  as  possible  in  order  to 
save  material  and  time  in  grinding,  and  in  many  cases  it  is  then  im- 
possible to  remove  all  of  the  decarbonized  surface.  Hence  when  the 
ball  is  hardened,  rough  marks  and  soft  spots  can  be  detected.  The 
soft  spots  are  much  brighter  than  the  properly  hardened  surface. 

If  balls  are  to  be  used  for  special  purposes,  this  should  be  designated 
in  the  order  sent  to  the  ball  manufacturer.  In  order  to  be  able  to 
supply  a  ball  that  will  give  satisfaction,  it  is  necessary  that  he  be 
furnished  with  information  as  to  what  the  ball  is  to  be  used  for,  the 
speed  and  load  at  which  it  will  be  used,  and  the  kind  of  bearing  em- 
ployed. Then  the  balls  can  be  drawn  to  a  degree  of  temper  adapted 
to  the  particular  purpose  in  view,  and  thus  satisfaction  can  be  guar- 
anteed to  the  purchaser.  It  is  also  very  important  to  see  that  the 
balls  that  are  furnished  are  not  out  of  round,  as  this  would  cause  the 
bearings  to  "catch"  and  "jump."  The  resulting  bearing  will  run  unsat- 
isfactorily, and  will  rattle  on  account  of  the  fact  that  the  balls  are 
loose  at  one  point  and  tight  at  another.  The  actual  size  of  the  ball 
does  not  make  a  great  deal  of  difference,  provided  the  balls  are  all  of 
the  same  size.  In  other  words,  in  a  lot  of  one-hundred-thousand  balls, 
if  they  are  found  to  be  0.0005  or  0.001  inch  under  size  they  will  give 
satisfaction  if  they  are  all  used  before  the  next  shipment  can  get  mixed 
up  with  them. 

It  has  already  been  mentioned  that  the  temperature  of  the  room  in 
which  the  balls  are  stored  must  not  be  too  low.  The  temperature  of 
the  stock-room  should  be  kept  the  same  at  all  times,  and  on  Sundays 
and  holidays,  when  the  factory  is  closed,  it  should  be  especially  heated, 
for  a  ball  which  becomes  very  cold  and  then  is  brought  back  to  a 
warm  temperature  will  soon  begin  to  rust  and  cause  a  great  deal  of 
trouble. 

Summary  of  Ball-making-  Processes 

In  order  to  fix  in  the  reader's  mind  the  various  processes  that  a 
ball  passes  through,  from  the  time  that  the  blank  is  produced  from 
the  rough  stock  until  the  finished  ball  enters  the  stock-room,  a  general 
summary  of  the  processes  described  in  the  three  chapters  comprising 
the  present  treatise  on  the  manufacture  of  steel  balls  will  be  given. 

There  are  several  methods  for  producing  the  ball  blank.  One  is  that 
of  turning  the  ball  blanks  in  a  special  automatic  machine.  This  method 
is  rapid  and  makes  it  possible  to  produce  a  blank  which  requires  less 
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grinding  than  the  blanks  produced  by  other  methods,  but  on  account 
of  the  fact  that  the  fibers  of  the  stock  from  which  the  blank  is  turned, 
are  cut  and  exposed  at  the  surface,  a  ball  so  made  is  of  inferior  strength 
after  hardening  as  compared  with  balls  the  blanks  of  which  are  made 
by  other  mechods. 

Another  method  commonly  used  for  producing  ball  blanks  is  to 
form  the  blank  in  a  heading  machine.  A  bar  is  fed  into  the  machine 
and  pieces  of  the  required  length  are  cut  off  and  headed  between  dies 
to  a  ball  shape.  This  is  a  very  rapid  method,  and  balls  up  to,  say, 
5/16  or  %  inch  in  diameter  can  be  made  advantageously  by  this  process. 
As  there  is  no  waste,  this  process  for  smaller  sizes  of  balls  must  be 
deemed  the  best  as  well  as  the  cheapest  of  the  methods  used  at  the 
present  time. 

The  best  method  of  making  ball  blanks  from  %  inch  to  2  inches  In 
diameter  is  known  as  string  forging.  This  method  is  very  extensively 
used  and  the  balls  so  produced,  when  properly  heat-treated,  are  strong 
and  tough  in  their  structure.  The  balls  which  have  been  produced  by 
the  heading  or  forging  process  must  have  the  fin  or  flash  ground  off 
before  they  pass  to  the  grinding  machines.  The  process  by  means  of 
which  the  fin  is  removed  is  called  "flashing/'  and  the  machine  In  which 
it  is  done  is  ordinarily  termed  a  "rotary"  file.  Large  balls  are  flashed 
separately  in  a  special  fixture  by  an  ordinary  emery  wheel. 

The  balls  are  now  ready  for  the  dry-grinding  process,  the  grinding 
being  done  by  an  emery  wheel  acting  upon  the  balls  which  are  held 
and  rotated  by  suitable  means.  After  being  dry-ground,  the  balls  are 
annealed  and  then  hardened,  the  smaller  balls  being  quenched  in  cotton- 
seed oil,  while  the  larger  ones  are  immersed  in  brine.  After  hardening, 
the  balls  are  washed  in  boiling  soda  and  then  tempered  in  oil. 

After  the  tempering,  the  balls  are  ready  to  return  to  the  finish  dry- 
grinding  department,  and  are  finish  dry-ground  in  machines  of  the 
kind  that  performed  the  rough  dry-grinding,  but  a  finer  grade  of  emery 
wheel  Is  used.  From  the  finishing  dry-grinders  the  balls  pass  to  the 
oil  grinders,  where  the  final  grinding  operation  is  performed  and  where 
the  balls  are  brought  to  exact  size.  The  oil  grinding  operation  is  prac- 
tically a  lapping  process,  no  grinding  wheel  being  used.  The  machine 
has  merely  two  plates,  one  of  which  is  grooved,  between  which  the 
balls  roll.    The  grinding  medium  is  fine  emery  and  oil. 

When  the  balls  have  been  brought  to  size  in  the  oil  grinders,  they 
are  given  their  final  finish  either  by  burnishing  them  in  machines 
similar  to  the  oil  grinders,  or  by  being  tumbled  in  a  tumbling  barrel 
with  a  polishing  medium.  Next  they  are  tumbled  in  sawdust,  and 
finally  in  a  barrel  with  eut-up  kid  leather  to  obtain  the  high  polish. 
The  balls  are  then  inspected,  graded  and  gaged.  The  smaller  balls  are 
gaged  in  gaging  machines,  while  the  larger  are  measured  by  microm- 
otors. Next  the  balls  are  counted  and  packed  into  boxes  and  sent  to 
the  store-room,  which  finishes  the  operations. 
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CHAPTER    I 


TOOL  STEEL  FOR  THE  UNITED  STATES  NAVY 

Previous  to  1909,  each  of  the  U.  S.  navy  yards  prepared  requisitions 
for  the  purchase  of  tool  steels  for  its  own  purposes.  These  requisitions 
either  specified  that  proprietary  material  should  be  purchased  or  that 
the  award  of  contract  be  based  on  information  obtained  by  a  test  of 
some  description  on  samples  submitted  by  the  bidders.  By  this  method, 
there  could  be  no  uniformity  in  the  specifications  of  the  navy  yards, 
and  in  order  to  centralize  purchasing  and  to  standardize  the  tool  steels, 
a  tool  steel  board  recommended  that  the  Philadelphia  Navy  Yard  be 
made  the  purchasing  station.  This  action  was  taken  in  1909  and  at 
that  time  specifications  were  drawn  up  for  one  high-speed  steel  and 
three  grades  of  carbon  steel. 

The  chemical  composition  required  for  the  high-speed  steel  differed 
from  that  of  any  of  the  commercial  brands,  but  the  chemical  composi- 
tion of  each  grade  of  carbon  steel  corresponded  to  that  of  commercial 
tool  steels.  The  three  grades  of  carbon  tool  steel  varied  principally 
in  their  carbon  content,  in  order  to  adapt  them  to  the  purposes  for 
which  such  tool  steels  are  generally  used.  The  contracts  were  awarded 
to  the  lowest  responsible  bidder  who  was  able  to  meet  these  specifica- 
tions for  tool  steel  of  a  chemical  composition  within  the  specified  limits. 
The  specifications  required  physical  tests  in  addition  to  chemical 
analysis,  as  a  part  of  the  inspection,  but  these  tests  did  not  give  decisive 
results  and  proved  conclusively  that  it  was  advisable  to  revise  the 
existing  specifications.  This  step  was  taken  because  these  specifications 
did  not  provide  a  means  of  ascertaining  the  relative  merits  of  the  tool 
steels  offered  by  the  different  bidders,  or  of  learning  whether  there 
were  other  tool  steels  that  were  superior  to  those  within  the  specified 
limits  of  chemical  composition. 

In  order  to  overcome  these  objections,  a  set  of  specifications  was 

finally  drawn  up  which  are  given  in  a  later  section  of  this  chapter,  as 

presented  by  Mr.  L.  H.  Kenney  in  a  paper  before  the  Society  of  Naval 

Architects  and  Marine  Engineers.     These  specifications  require  the 

bidders  to  submit  samples  of  the  tool  steels  which  they  offer  for  sale. 

The  samples  are  manufactured  into  tools  and  subjected  to  physical 

tests  devised  to  determine  the  relative  merits  of  the  different  steels. 

The  data  obtained  in  this  way  constitute  the  basis  for  the  award  of 

contracts.    In  this  set  of  specifications  the  chemical  compositions  are 

given  the  maximum  and  minimum  limits,  the  purpose  being  to  indicate 

to  the  bidder  the  kind  of  tool  steel  that  is  wanted,  but  the  physical 

"♦a  the  real  basis  for  the  award  of  contracts.    The  object 

n  is  to  introduce  competition  as  to  the  quality  of  tool 

glmply  having  competition   in   price,   to   provide   a 
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means  of  learning  something'  about  the  relative  merits  of  the  com- 
mercial tool  steels,  and  to  take  advantage  of  the  developments  and 
progress  made  by  the  manufacturers  in  this  industry.  By  this  means, 
definite  information  can  be  obtained  concerning  the  qualities  of  the 
different  tool  steels  before  the  contracts  are  awarded  for  their  purchase. 
The  study  of  tool  steels  which  has  been  made  possible  by  the  adop- 
tion of  this  set  of  specifications  is  conducted  under  the  direction  of 
the  engineer  officer  of  the  Philadelphia  Navy  Yard.  The  subject  is 
divided  into  two  general  classes,  one  of  which  covers  the  high-speed 
or  tungsten  steels  and  the  other  the  carbon  tool  steels. 

Tungsten  Steels 

The  limits  of  the  chemical  composition  called  for  under  the  revised 
specifications  were  varied  from  those  required  by  the  original  specifi- 
cations in  order  to  permit  bidders  to  submit  proposals  on  their  com- 
mercial or  standard  tool  steels,  and  the  feature  of  a  selective  test  was 
introduced.  This  selective  test  provides  means  for  investigating  the 
relative  suitability  of  the  different  tool  steels  offered  by  bidders  for 
the  class  of  work  for  which  the  steel  is  required,  and  the  recommenda- 
tion for  the  award  of  contract  is  based  on  the  information  thus 
obtained.  In  order  to  obtain  samples  of  tool  steel  for  the  selective  test, 
the  specifications  require  each  bidder  to  furnish  a  sample  bar  of  the 
steel  which  he  offers.  This  bar  is  delivered  to  the  engineer  officer, 
under  whose  direction  the  selective  tests  are  conducted.  The  heat-treat- 
ment of  the  tools,  their  chemical  analysis,  the  condition  of  the  physical 
test,  and  the  computations  necessary  to  determine  the  award  of  con- 
tract constitutes  the  selective  test  A  lathe  tool  selected  for  the  physi- 
cal test  is  kept  cutting  without  lubricant  until  it  fails  by  the  sudden 
breaking  down  of  the  cutting  edge,  due  to  heating  caused  by  friction  of 
the  chip.  A  record  of  the  elapsed  time  of  the  run  is  made,  which  is  the 
principal  variable,  other  conditions  being  kept  constant.  After  failure, 
each  tool  is  reground,  care  being  taken  to  remove  the  effect  of  the  heat 
produced  during  the  previous  cut;  the  tool  is  then  tested  once  more 
until  it  breaks  down,  as  previously  described.  After  the  conclusion  of 
this  cut,  the  tool  is  reground  and  tested  a  third  time. 

During  the  test,  a  voltmeter  and  ammeter  are  used  to  determine  the 
power  supplied  to  the  motor  which  drove  the  test  lathe.  This  is 
done  in  order  to  obtain  a  measure  of  the  work  done  by  the  nose  of  the 
tool.  The  ammeter  readings  vary  for  the  different  tools,  due  princi- 
pally to  slight  variations  in  depth  of  cut  and  cutting  speed,  which 
indicates  that  the  work  done  by  the  different  tools  is  not  the  ssnm 
In  order  to  allow  for  this  difference  in  computing  the  selective  £*etMV 
a  quantity  was  introduced  called  the  "work  value,"  which  Is 
product  of  the  mean  elapsed  time  of  r*% 
and  the  mean  watts  required  to 
watts.  The  work  value,  therefi 
by  the  tool.  The  work  value* 
given  steel  that  were  tester* 
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least  squares.  The  work  value  divided  by  the  price  per  pound  gives 
the  "selective  factor"  for  the  test,  the  contract  being  awarded  to  the 
anufacturer  of  the  steel  having  the  highest  selective  factor. 
In  conducting  the  selective  tests  with  tungsten  tool  steels,  five  tools 
made  from  the  same  sample  bars  are  stamped  with  an  index  number 
which  is  assigned  to  each  sample,  and  with  consecutive  numbers  for 
tools  of  each  sample.  The  tools  are  hand-forged  to  the  No.  30 
lathe  tool  form  of  the  Sellers  system.  The  following  day  the  tools  are 
heaMreated.  For  this  purpose,  one  oil  furnace  is  maintained  at  a 
temperature  of  from  1600  to  1700  degrees  F.  and  another  furnace  at 
from  2400  to  2450  degrees  F.  The  cutting  ends  of  the  tools  are  pre- 
heated in  the  low  temperature  furnace  and  then  transferred  to  the 
high  temperature  furnace.  After  the  tools  are  removed  from  the  heat- 
treating  furnace,  they  are  cooled  by  dipping  the  ends  into  oil.  The  oil 
is  agitated  by  compressed  air  and  is  cooled  to  maintain  it  at  as  nearly 
temperature  as  possible.  Oil  is  used  for  quenching  because  it 
is  less  noisy  and  less  expensive  than  compressed  air.  and  tests  which 
have  been  made  also  appear  io  Indicate  that  better  results  are  obtained 
by  using  oil  as  a  quenching  medium.  The  tools  are  cooled  in  oil  until 
they  are  black  hot,  when  tliey  are  removed  and  placed  on  the  cooling 
table.  All  the  tools  are  tested  on  a  single  nickel-steel  forging  because 
the  characteristics  of  nickel-steel  forglngs  vary.  The  depth  of  cut. 
feed,  and  cutting  speed  are  kept  constant  throughout  the  selective  test. 
thus  making  the  cutting  time  the  principal  variable.  In  regrinding  it 
is  found  necessary  to  remove  about  3/32  inch  of  the  tool  to  get  rid  of 
the  effects  of  heating. 

Carbon  Tool  Steels 
The  Information  obtained  from  the  selective  tests  conducted  on 
samples  of  highspeed  steel  indicated  that  it  was  advisable  to  revise 
the  requirements  (or  carbon  tool  steetB  which  were  given  by  the  original 
of  specifications,  and  a  method  of  conducting  selective  tests,  similar 
in  character  and  purpose  to  those  previously  referred  to,  was  adopted 
with  this  class  of  steels.  Four  classes  of  carbon  toot  steel  were 
selected  which  varied  principally  In  their  carbon  content  The  specifi- 
cations require  the  conditions  of  the  selective  test  to  be  maintained  as 
nearly  constant  as  possible  for  each  class  of  steel.  The  elapsed  time 
of  the  run  is  the  principal  variable  in  the  test,  the  tools  being  operated 
until  they  break  down.  Milling  cutters  are  used  for  the  tests  on  steels 
of  Classes  1  and  2  (see  table),  and  the  duration  of  the  run  consists, 
if  the  total  time  that  the  cutters  are  operating,  but  it  does  not  include 
time  required  to  return  the  milling  machine  table  to  the  starting 
and  to  Bet  it  for  the  next  cut 

Chisel   is  used  for  the  selective  test  on  carbon  tool  steels  of 

3.   In   some  of  the  early   tests,   trouble   wan  experienced   through 

-■•ink  of  the  hammer  end  of  the  chisel.    This  trouble  has 

»r  as  the  selective  tests  are  concerned — and  also  in 

i'lii'i.-  iibout  Vj  inch  of  the  hammer  end  of  the 

"lenchiug  the  tool  by  dipping  about  %  inch 
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into  brine  for  a  few  seconds  and  then  the  entire  tool.  The  cutting  end 
is  treated  at  the  same  temperature  as  the  hammer  end,  and  the  temper 
of  both  ends  is  drawn  by  submerging  the  chisel  in  a  molten  lead  bath 
at  the  desired  temperature.  In  making  these  tests,  it  has  been  found 
that  the  heat-treatment  does  not  extend  back  far  from  the  cutting  edge 
and  there  is  only  a  short  distance  on  the  tool  where  the  maximum 
cutting  life  can  be  obtained.  If  the  chisel  shows  poor  results  on  the 
first  test,  indicating  that  the  temper  has  not  been  drawn  sufficiently, 
the  second  test  usually  gives  more  satisfactory  results,  while  the  third 
test  may  show  that  the  chisel  is  too  soft 

A  button-head  rivet  set  is  used  for  testing  Class  4  of  carbon  steel. 
The  set  is  heated  to  the  desired  temperature  and  quenched  in  brine, 
after  which  the  temper  is  drawn  in  a  lead  bath.  Each  set  is  used  to 
drive  a  certain  number  of  hot  rivets  and  an  observation  of  its  condition 
is  made  after  the  test  This  test  is  not  carried  to  destruction,  how- 
ever, as  in  the  preceding  tests  and  consequently  does  not  yield  decisive 
results. 

The  results  of  the  tests  of  carbon  steels  of  Classes  1,  2  and  3  vary 
considerably.  As  a  result,  it  has  not  been  found  advisable  to  adjust 
these  results  by  principles  of  least  squares.  After  the  tests  have  been 
completed,  the  data  are  gone  over  and  those  results  which  vary  widely 
from  the  average  are  rejected.  The  selective  factor  for  the  different 
steels  is  then  calculated  and  the  contract  awarded  to  the  manufacturer 
whose  steel  shows  the  highest  selective  factor. 

Each  sample  of  carbon  tool  steel  submitted  for  selective  test  is  tested 
to  determine  the  decalescent  point  in  order  that  it  may  be  hardened  at 
a  suitable  temperature.  In  heat-treating,  the  temperature  of  the  tools 
is  raised  to  a  point  slightly  above  the  decalescent  point  and  they  are 
then  quenched  in  brine.  After  quenching,  the  temper  is  drawn  in  a 
lead  bath,  after  which  the  cutting  tools  are  ground  ready  for  the 
selective  test.  The  milling  cutters  used  for  making  the  selective  tests 
for  carbon  tool  steel  were  of  the  newer  coarse  teeth  type,  recently  intro- 
duced.  The  distinctive  feature  of  these  milling  cutters  is  the  large 
pitch  of  the  teeth,  thus  providing  a  large  clearance  for  the  chips.  The 
cutter  is  operated  at  a  speed  of  370  revolutions  per  minute  with  a  feed 
of  20  inches  per  minute  and  a  depth  of  cut  of  0.080  inch  through  the 
full  travel  of  the  milling  machine  table.  The  table  is  run  back  to  the 
starting  point  and  reset  as  often  as  necessary  until  the  failure  of  the 
cutter  occurs.  The  cutter  is  run  without  lubricant,  in  order  to  make 
the  tests  as  severe  as  possible. 

Specifications  for  Tungsten  Tool  Steel 

1.  Class  1. — Lathe  and  planer  tools,  milling  machine  tools,  and  in 
general  all  tools  for  which  high-speed  steel  is  used. 

Specifications  for  Carbon  Steel 

2.  Class  1. — Lathe  and  planer  tools,  and  tools  requiring  keen  cutting 
edge  combined  with  great  hardness,  for  finishing  shrinkage  dimen- 
sions on  nickel-steel  gun  forgings,  drills,  taps,  reamers  and  screw- 
cutting  dies. 
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8.  Class  2. — Milling  cutters,  mandrels,  trimmer  dies,  threading  dies, 
and  general  machine-shop  tools  requiring  a  keen  cutting  edge  com- 
bined with  hardness. 

4.  Class  3. — Pneumatic  chisels,  punches,  shear  blades,  etc.,  and  in 
general  tools  requiring  hard  surface  with  considerable  tenacity. 

5.  Class  4. — Rivet  sets,  hammers,  cupping  tools,  smith  tools,  hot 
drop-forge  dies,  etc.,  and  in  general  tools  which  require  great  toughness 
combined  with  the  necessary  hardness. 

CHEMICAL,  COMPOSITION 


Tungsten  Tool  Steel 

Class  1,  Per  Cent  Limit 

IfaTHyff^m 

Minimum 

0.75 
6.00 
0.80 
0.015 
0.80 
0.02 
20.00 

1.60 

* 

0.55 
2,50 
0.05 

•  ••• 

•  •  •  • 

•  •  •  • 
16.00 

0.85 

* 

Machinery 

Chromium T  T  T  T  t  T .  - 

Manflranesp ,  t , ,  T  T  T  T 

Phosphorus 

Silicon 

TimjrHten  t 

Vanadium 

'Remainder 


Carbon  Tool  Steel 


Carbon 

Chromium  . 
Manganese . 
Phosphorus. 

Silicon 

Sulphur 
Vanadium. . 
Iron 


Class  l. 

PerCent 

Limit 


Maxi- 
mum 


1.25 

0.85 
0.015 
0.40 
0.02 

t 

* 


Mini- 
mum 


1.15 
0.15 

■  •  •  • 

0.10 

•    •    •    • 

t 

* 


Class  2, 

Per  Cent 

Limit 


Maxi-  Mini- 
mum I  mum 


1.15 

0.85 
0.015 
0.40 
0.02 

t 


1.05 

t 
0.15 

•  ■  ■   • 

0.10 

•  •    •    * 

t 

* 


Class  8. 

PerCent 

Limit 


Maxi- 
mum 


0.05 

0.85 
0.02 
0.40 
0.02 

t 

* 


Mini- 
mum 


0.85 
0.15 

•  •   •    • 

0.10 

•  •    •    • 

t 

* 


Class  4. 

PerCent 
Limit 


Maxi- 
mum 


0.85 

0.85 
0.02 
0.40 
0.025 

t 


Mini- 
mum 


0.75 
0.15 

•  •  •  • 

0.10 

•  •    •    • 

t 

* 


Machi.xery 


'Remainder 


t  Optional 


Physical  Tests  of  Tungsten  Tool  Steel 

6.  Class  1. — The  sample  bar  will  be  forged  into  five  tools,  treated  and 
ground  to  the  No.  30  form  of  the  Sellers  system  of  lathe  tool  forms. 
Each  tool  will  be  tested  on  a  nickel-steel  forging  of  about  100,000 
pounds  tensile  strength,  with  a  cut  \i  inch  deep,  1/16  inch  feed,  and 
a  cutting  speed  of  50  feet  per  minute.  Each  tool  will  be  twice  re- 
•■"•mid  and  retested.  A  record  will  be  made  of  the  length  of  time  each 
without  a  lubricant  or  cutting  compound  before  it  is  ruined. 
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Physical  Tests  of  Carbon  Tool  Steel 

7.  Class  1. — Five  7/16-inch  diameter,  4-tooth  facing  mills  will  be 
made  from  the  sample  bar  and  tested  on  a  piece  of  %-inch  ship's  plate 
without  lubricant.  Each  mill  will  be  run  until  it  is  so  dull  that  it 
breaks  either  in  the  teeth  or  in  the  shank.  The  depth  of  cut  will  be 
0.08  inch,  the  revolutions  per  minute  of  the  mill  will  be  370,  and  the 
feed  of  material  20  inches  per  minute.  A  record  will  be  made  of  the 
length  of  time  each  mill  operates. 

8.  Class  2. — Same  tests  as  Class  1. 

9.  Class  3. — Five  %-inch  pneumatic  chisels  will  be  made  from  the 
sample  bar.  Each  chisel  will  be  tested  on  a  nickel-steel  plate  with  a 
cut  1/16  inch  deep. 

A  record  will  be  made  of  the  distance  each  chisel  cuts  with  a  lubri- 
cant before  it  is  ruined. 

10.  Class  4. — Two  %-inch  rivet  sets  will  be  made  from  the  sample 
bar.  A  record  will  be  made  of  the  condition  of  the  sets  after  a  certain 
number  of  rivets  have  been  driven. 

11.  Modification  of  Tests. — Any  or  all  of  the  above  tests  may  be 
modified  at  the  discretion  of  the  engineer  officer. 

12.  Method  of  Manufacture. — The  tool  steels  shall  be  made  in  either 
the  electric  or  crucible  furnace.  The  bars  must  be  forged  or  rolled 
accurately  to  the  dimensions  specified,  free  from  seams,  checks,  and 
other  physical  defects  and  of  homogeneous  compositions.  The  tungsten 
tool  steels  shall  be  delivered  unannealed,  unless  otherwise  specified,  and 
the  carbon  tool  steels  shall  be  delivered  annealed  unless  otherwise 
specified.  The  bars  shall  be  delivered  in  commercial  lengths  and  short 
pieces  will  not  be  accepted  unless  so  specified. 

13.  Stamps  on  Material. — Each  bar  or  piece  of  tool  steel,  whether 
sample  bar  for  "selective  test,"  "acceptance  test,"  or  material  delivered 
under  contract,  shall  be  stamped  with  the  manufacturer's  name,  his 
trade  name  and  temper  index,  and  in  addition  identification  stamps  of 
the  kind  and  class  of  tool  steel  as  given  in  these  specifications.  The 
tungsten  tool  steel,  Class  1,  shall  be  stamped  T-l,  and  the  carbon  tool 
isteels,  Classes  1,  2,  3,  and  4:  C-l,  C-2,  C-3,  and  C-4;  the  letters  to  be 
about  3/16  inch  high.  If  the  bars  are  longer  than  about  4  feet,  the 
above  stamps  should  be  placed  at  intervals  of  about  3  feet  along  the 
Lar. 

14.  Acceptance  Test. — Sample  bars  for  "acceptance  test"  will  be 
taken  from  the  material  delivered  under  contract  to  the  general  store- 
keeper, Navy  Yard,  Philadelphia,  Pa.,  or  if  the  material  is  inspected  at 
thft  place  of  manufacture,  the  inspector  will  forward  sample  bars  of 
the  dimensions  called  for  to  the  storekeeper,  who  will  forward  them 
to  the  engineer  officer  for  him  to  arrange  the  tests  indicated  by  these 
specifications  and  recommend  the  acceptance  or  rejection  of  the 
material.  If  the  material  does  not  prove  to  be  equivalent  to  the 
sample  bar  furnished  with  proposal  this  will  be  considered  snmcleat 
cause  for  rejection.  The  contractor  shall  replace  the  shipment  wtttta. 
two  weeks,  if  practicable,  after  the  receipt  of  notice  of  rejection.    Ita 
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sample  bars  used  for  this  lest  will  be  credited  the  contractor  if  the 
material  under  test  is  accepted. 

15.  Defective  Material— It  material,  when  being  manufactured  into 
tools,  develops  physical  defects  which  could  not  be  detected  by  inspec- 
tion, such  as  "cracks,"  "pipes,"  etc.,  the  manufacturer  of  this  steel 
shall  replace,  without  cost  to  the  government,  such  defective  material. 

16.  Reservation  and  Alternate  Proposals. — The  right  is  reserved  to 
reject  any  or  all  proposals. 

Bidders  may  submit  proposals  on  tool  steel  which  differs  from  the 
composition  and  method  of  manufacture  specified,  provided  this  is 
clearly  stated  in  their  proposal,  and  provided  they  furnish  the  engineer 
officer  with  a  statement  of  the  exact  chemical  composition  and  method 
of  manufacture  of  the  tool  steel.  This  information  will  be  considered 
confidential  by  the  engineer  officer  if  the  bidder  requests  it.  The  tool 
steel  will  be  tested  if.  In  the  opinion  of  the  engineer  officer,  it  is  con- 
sidered suitable  for  the  purpose  Intended. 

17.  The  engineer  officer  will,  after  the  prescribed  tests  have  been 
made,  recommend  the  award  of  contract  for  the  steel  or  steels  which, 
In  his  opinion,  it  is  to  tbe  best  interest  of  the  government  to  purchase, 
due  consideration  being  given  to  the  cost  of  the  material.  Tbe  rela- 
tion of  the  tests  and  the  price  of  the  material  will  be  the  basis  for 
selection. 

18.  Belective  Test.— Each  bidder  shall  furnish  with  his  proposal  a 
sample  bar  of  tool  steel  stamped  as  called  for  under  heading  "Stamps 
on  Material"  for  the  "selective  test."  The  relation  of  the  results 
obtained  from  the  tests  conducted  as  provided  for  under  the  heading 
"Physical  Tests"  and  the  price  of  the  material  determine  the  selective 
factor.    Tbe  dimensions  of  the  sample  bars  shall  be  as  follows: 

Tungsten  Tool  Steel 
Class  h—%  by  VA  inch  by  E  feet  long. 

Carbon  Tool  Steel 
Glass  1. — %-lnch  diameter  rod,  2  feet  long. 
Class  2. — %-inch  diameter  rod.  2  feet  long, 
diss  3.— %-lnch  octagon  rod,  5  feet  long. 
Class  A. — 2-inch  diameter  rod,  2  feet  long, 

19.  Treatment  of  .Samples— Each  bidder  will  state  in  his  proposal. 
tf  he  considers  it  necessary  to  do  so,  the  treatment  to  whfeb  the  ma- 
terial must  be  subjected  in  order  to  get,  in  his  opinion,  the  best  results. 

20.  Delivery  of  Sample  Bars.— Alt  sample  bars  stamped  as  called 
for  under  the  heading  "Stamps  on  Material"  must  be  delivered  to  the 
general  storekeeper.  Building  No.  4,  Navy  Yard.  Philadelphia,  Pa., 
prior  to  the  time  fixed  for  opening  of  proposals.  Sample  bars  delivered 
lale  will  not  be  received.  Failure  to  comply  with  the  above  require- 
ments will  eliminate  the  proposal  from  consideration.  All  sample  bars 
will  be  delivered  by  tbe  general  storekeeper  to  the  engineer  officer  for 
the  "selecln  i 
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RELATION  OF  PRICE  OF  TOOL  STEBL  TO 
MANUFACTURING  COSTS 

It  often  happens  that  steel  manufacturers  receive  orders  with  'an 
additional  remark  something  like  this:  "This  steel,  which  costs  twice 
as  much,  must  give  at  least  double  the  production  of  our  present  steel 
in  the  operation  in  which  it  is  to  be  used,  otherwise  it  will  be  returned." 
This  indicates  that  there  are  many  who  reason  that  if  a  tool  steel  costs, 
say,  50  or  100  per  cent  more  per  pound  than  another,  then  it  must  be 
able  to  do  50  or  100  per  cent  more  work  to  justify  the  price.  As  a 
matter  of  fact,  if  one  steel  does  five  per  cent  more  work  than  another 
it  is  well  worth  fifty  per  cent  more  per  pound  on  all  usual  operations. 
There  are  many  ways  of  proving  this.  One  is  to  take  any  machine  in 
the  shop  and  learn  the  relation  of  tool  cost  to  total  costs.  For  illus- 
tration,  we  have  selected  a  lathe  using  tools  made  from  1%-  by  %-inch 
steel.  How  much  high-speed  steel  is  used  a  day?  Our  observations, 
estimates  and  averages  show  that  the  daily  consumption  is  one-twelfth 
pound  of  high-speed  steel  on  the  average  lathe,  doing  fairly  hard  work 
at  a  good  speed.  This  is  based  on  work  requiring  the  tool  to  be  ground 
five  or  six  times  a  day.  If  the  tools  cut  all  day  on  one  grinding  it 
indicates  that  they  are  cutting  considerably  below  capacity,  although 
this  is  sometimes  necessary  owing  to  local  conditions.  The  one-twelfth 
pound  daily  consumption  of  steel  is  arrived  at  in  the  following  way: 

High-speed  Steel  used  Daily  on  20-inch  Lathe 

Size  of  tool:  l*/2  by  %  inches.     Average  number  of  grindings:  six 

per  day. 

Steel  ground  away  each  grinding 1/32  inch 

Steel  ground  away  each  day  (six  grindings) 3/16  inch 

Steel  ground  away  each  week   (six  days) 1        inch  (approx.) 

Then  the  tool  needs  redressing.  In  redressing  and  retempering,  a 
small  piece  of  steel  is  cut  off.  Making  liberal  allowance,  this  waste 
is  about  one-half  inch  of  steel. 

The  waste  of  steel  in  redressing  is %  inch 

The  amount  of  steel  ground  away  is  (see  above) 1      inch 

The  weekly  consumption  of  steel 1%  inch 

One  and  one-half  lineal  inch  by  1*4  by  %  inch  high-speed  steel 
weighs  one-half  pound.  The  daily  consumption,  therefore,  is  one-sixth 
of  one-half  pound,  or  one-twelfth  pound. 

The  Daily  Cost  of  Tool  Steel 

On  the  basis  of  one-twelth  pound  steel  consumption  per  day,  if  equal 
quantities  were  used: 
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High-grade  high-speed  steel  at  71  cents  per  pound  costs  per  day    $0.06 
Cheap  high-speed  steel  at  48  cents  per  pound  costs,  per  day 04 

Increased  first  cost  of  higher  priced  steel,  per  day $0.02 

The  Cost  of  Operating 

On  a  lathe  such  as  we  are  using  for  illustration. 

The  machinist's  hourly  rate,  about $0.36 

The  overhead   (including  power) 24 

The  total  hourly  rate $0.60 

The  day  rate   (eight  hours) $4.80 

The  Value  of  the  Product 

If  the  man  operating  the  lathe  which  we  are  using  for  illustration 
turns  out  100  units  of  work  daily,  each  piece  costs  the  manufacturer 
1/100  of  $4.80  or  4.8  cents,  and  just  that  much  value  is  produced.  If 
the  higher  priced  steel  enables  the  machinist  to  turn  out  one  piece 
more  daily,  thus  increasing  the  output  only  one  per  cent,  we  have 
the  following  results: 

Value  of  one  extra  piece  produced $0,048 

Increased  first  cost  of  the  steel 020 

Net  daily  profit  on  one  per  cent  increase $0,028 

In  this  case  a  one  per  cent  increase  would  warrant  buying  a  good 
grade  of  steel  costing  fifty  per  cent  more  than  cheap  steel. 

With  high-grade  tool  steels,  increases  in  production  as  high  as  fifty 
per  cent  or  one  hundred  per  cent  are  often  secured,  but  the  object  of 
this  article  is  to  show  that  a  five  per  cent  increase  in  production  justifies 
paying  much  more  than  a  fifty  per  cent  increase  in  first  cost 

Taking  the  same  illustration  from  another  point  of  view:  With  the 
higher  priced  steel  at  71  cents  per  pound, 

The  man's  time  per  day $2.88 

The  "overhead"  per  day 1.92 

Steel  per  day 0.06 

Daily  total $4.86 

With  cheap  steel  at  48  cents  per  pound, 

The  man's  time  per  day 2.88 

The  "overhead"  per  day 1.92 

Steel  per  day 0.04 

Daily  total $4.84 

The  total  daily  cost  has  been  increased  less  than  one-half  of  one  per 
cent;  one-half  of  one  per  cent  of  $4.84=2.4  cents.  Therefore,  if  the 
higher  priced  steel  does  one-half  of  one  per  cent  more  work,  it  is  the 
cheapest,  although  the  price  per  pound  may  be  fifty  per  cent  higher 
than  the  steel  formerly  used. 
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Saving  in  Grinding1 

There  is  another  p6int  of  view  from  which  the  price  of  tool  steel 
should  be  considered,  and  that  is  the  saving  in  grinding.  Some  tool 
steel  users  think  that  if  the  steel  costs  twice  as  much,  it  must  require 
grinding  only  one-half  as  many  times,  but  in  the  foregoing  illustration, 
if  one  grinding  is  saved  in  two  days,  it  justifies  paying  fifty  per  cent 
more  for  the  steel.  We  arrive  at  this  conclusion  through  the  following: 
We  have  found  that  sixty  cents  an  hour  is  a  conservative  estimate  of 
the  cost  of  a  man's  time  and  the  overhead  expense.  On  this  basis  every 
grinding  which  requires  about  five  minutes  means  a  loss  of  time  and 
production  worth  five  cents.  The  excess  first  cost  of  steel  at  seventy- 
one  cents,  as  compared  with  a  forty-eight-cent  steel  on  the  machine  we 
are  using  for  illustration,  amounts  to  two  cents  a  day.  Therefore,  if 
tools  made  from  the  higher  priced  steel  save  one  grinding  in  two  days, 
they  warrant  an  increase  of  fifty  per  cent  in  the  price  per  pound. 

In  addition  to  the  profit  and  saving  resulting  from  increased  produc- 
tion and  fewer  grindings,  there  are  also  secondary  savings  to  be  con- 
sidered. For  instance,  tools  made  from  the  higher  priced  steel  will  re- 
quire redressing  and  rehardening  less  frequently,  and  the  cost  depart- 
ment knows  what  this  means  in  the  way  of  economy.  Another  saving 
results  through  a  reduction  in  the  amount  of  steel  used.  This  has  not 
been  brought  into  our  figures,  but  it  should  be  considered  in  discussing 
tool  steel  costs.  Less  of  the  high-priced  steel  will  be  required  than  is 
the  case  where  cheap  steels  are  used. 

Another  important  saving  that  is  often  forgotten,  and  which  cannot 
be  computed,  is  the  time  saved  on  break-down  or  emergency  jobs. 
There  are  times  in  many  shops  when  the  management  would  gladly 
pay  as  much  as  the  monthly  tool  steel  bill  to  save  an  hour  on  a  repair 
part,  the  lack  of  which  holds  up  a  large  shipment,  or  stops  work 
throughout  the  shop. 

A  number  of  minor  savings  have  not  been  mentioned,  but  they  are 
not  needed  to  prove  the  wisdom  of  paying  fifty  per  cent  more  for  a 
steel  which  does  five  per  cent  more  work.  In  conclusion,  It  may  be 
stated  that  this  method  of  considering  tool  steel  costs  may  be  applied 
on  any  machine,  regardless  of  the  kind  of  steel  used.  In  nearly  every 
case  the  higher  priced  steel,  whether  in  ordinary  tool  steel  grades  or  in 
high-speed  steel  grades,  will  be  found  cheapest  if  it  brings  about  even 
a  slight  increase  in  the  efficiency  of  cutting  tools. 

The  indirect  relation  of  the  cost  of  the  tools  of  production  to  the  cost 
of  production  set  forth  in  the  foregoing,  applies  all  along  the  line. 
The  first  cost  of  a  machine  is  of  little  importance  in  comparison  with  its 
productive  capacity  during  its  lifetime.  A  lathe  costing  $1000  may  in 
the  course  of  ten  years  earn  $10,000  for  the  shop  in  which  it  is  used, 
while  another  of  the  same  nominal  capacity  but  of  superior  design  and 
workmanship,  costing  say  $1100,  might  earn  $12,500  in  the  same  period, 
or  sufficiently  more  than  the  other  to  wipe  out  the  original  cost  and 
the  interest  on  the  investment. 
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THE  INFLUENCE  OF  HEAT  ON  HARDENED 
TOOL  STEELS 

By  testing  various  samples  of  carbon  steel  in  the  tool  steel  leBtl  ■, 
machine  designed  by  Mr.  E.  G.  Herbert,  it  was  found  by  him  that  carbon 
tool  steels  have  a  very  low  durability  at  a  tow  culling  speed;  Unit  tbsrs 
is  an  increase  of  durability  as  the  cutting  speed  increases;  and  that  a 
maximum  durability  of  cutting  speed  is  obtained  at  about  50  to  80  feet 
per  minute.  There  is  then  a  decline  of  durability  lo  &  very  low  value  if 
the  cutting  speed  is  further  increased.  These  general  characteristics 
are  common  lo  all  tool  steels  that  have  been  tested,  whether  of  the  car- 
bon Dr  high-speed  steel  type  (tungsten  or  lungs  ten-vanadium  varieties). 
All  of  these  give,  when  the  durability  Is  recorded  in  diagrammatic  form, 
a  single-  or  double-peaked  curve,  according  to  the  heat-treatment  they 
have  received.  All  show  a  low  durability  at  low  cutting  speed,  this  char- 
acteristic being  especially  marked  In  the  case  of  some  high-speed  steels, 
which  latter  often  retain  their  durability  at  very  high  speeds. 

It  has  been  pointed  out  that  the  observed  changes  In  the  durability  of 
cutting  tools  are  mainly  caused  by  the  changes  in  the  temperature  of 
the  cutting  edge,  due  to  the  heat  generated  at  different  cutting  speeds. 
This  heat  theory  has  been  confirmed  by  experiments  showing  that 
changes  of  durability  corresponding  to  those  which  occur  under  varying 
cutting  speeds  can  be  produced  by  varying  the  temperature  of  the  tool 
in  other  ways,  while  the  cutting  speed  remains  constant— for  instance, 
by  varying  the  temperature  of  the  water  with  .vhich  the  tool  is  dooded, 
or  by  varying  the  depth  of  the  cut  {a  heavy  cut  generating  more  heat 
than  a  light  one),  or  by  dispensing  entirely  with  the  cooling  water. 

The  various  problems  that  were  dealt  with  in  the  experiments  were  us 
follows: 

1. — It  has  been  found  by  experiments  on  the  tool  steel  testing  machine 
that  all  tool  steels,  without  exception,  have  a  very  low  durability,  and 
art-  very  quickly  blunted  when  cutting  under  water  at  low  speeds  and 
fine  cuts,  that  is,  under  conditions  which  preclude  any  considerable 
heating  of  the  cutting  edge;  and  it  has  been  found  that  any  alteration  in 
the  cutting  conditions  which  tends  to  increase  the  temperature  of  the 
cutting  edge  results  in  an  increased  durability  of  the  tool.  What,  if 
any,  are  then  the  correlative  changes  In  the  physical  propertied 
(strength,  hardness,  toughness,  etc.)  of  hardened  steel  which  occur 
when  it  Is  raised  from  a  low  to  a  higher  temperature? 

2. — All  varieties  of  tool  steel  iave  been  found  to  be  capable,  when  suit- 
ably hardened,  of  producing  double-peaked  speed-dural'ilHv  curves  (see 
Fig.  1),  the  character]  i  :-  being  inal  al  a  certain  speed 

they  are  less  durable  than  at  either  *  '"  lower  speed.    Is  it  pos- 

sible to  correlate  thin  low  dnrabtltl  ed  with  a  partlculiir 

physical  condition  at  a 
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3. — All  tool  steels  are  found  to  lose  their  durability  when  the  cut- 
ttng  speed  is  raised  above  a  certain  limit  Is  there  any  corresponding 
change  In  their  physical  properties  when  they  are  heated  above  a  cer- 
tain temperature? 

4.— Assuming  that  each  cutting  speed  corresponds  to  a  definite  tem- 
perature of  the  cutting  edge  (the  weight  of  cut  aud  all  other  con- 
ditions remaining  constant),  what  arc  the  actual  temperatures  of  the 
cutting  edge  corresponding  to  the  various  cutting  speeds,  and  cor- 
responding to  the  various  changes 
in    the    durability    and    physical 
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properties  of  the  steel' 

Before  dealing  with  these  prob- 
lems. It  Is  necessary  briefly  to  con- 
sider the  nature  of  the  actions 
tending  to  wear  or  blunt  a  cutting 
tool,  and  the  correlative  physical 
properties  constituting  durability, 
which  the  tool  must  possess  In 
order  to  withstand  these  actions. 
The  principal  action  to  which  a 
tool  Is  subjected  in  cutting  is  one 
of  friction  under  heavy  pressure. 
This  tends  to  rub  away  the  sur- 
face of  the  steel,  by  causing  the 
particles  or  steel  to  slide  over  one  Dwrtllttj  Cam 

another.  To  resist  blunting  by  this  action  a  tool  must  possess  hard- 
ness. But  the  stress  on  the  tool  point  Is  not  constant:  as  the  chip  is 
detached  ft  breaks  up  into  a  series  of  short  segments  (more  or  less 
completely  separated),  and  this  process  subjects  the  tool  to  a  succes- 
sion of  changes  of  pressure,  amounting  almost  to  blows,  and  tending 
to  chip  off  portions  of  the  cutting  edge.  To  withstand  this  action  the 
tool  must  possess  toughness. 

If  we  make  a  tool  of  glass  and  another  of  copper,  and  use  them  to 
turn  a  cylinder  of  soft  material,  such  as  lead  in  the  lathe,  we  shall 
find  that  both  arc  very  soon  blunted,  but  from  totally  different  causes. 
The  glass  toot,  though  extremely  hard,  is  brittle,  and  Is  blunted  by  the 
chipping  away  of  minute  particles  of  the  cutting  edge.  The  copper 
tool,  though  very  tough,  Is  soft,  and  Is  blunted  by  the  rubbing  away 
of  the  cutting  edge.  If  now  we  Imagine  that  by  some  subtle  alchemy 
we  can  gradually  change  the  tool  of  glass  into  one  of  copper,  It  will 
probably  pass  through  some  Intermediate  stages  where  It  will  retain 
some  of  the  hardness  of  glass  without  alt  its  brittleness,  and  will  have 
attained  some  of  the  toughness  of  copper  without  all  Its  softness.  The 
tool  in  this  intermediate  state  will  probably  keep  its  sharp  cutting 
edge  much  better  than  either  the  glass  or  the  copper  tool. 

In  order  then  to  measure,  throughout  a  range  of  temperatures,  those 
ptiysical  properties  of  steel  which  constitute  its  durability,  It  Is  neces- 
sary to  test  it  at  each  temperature  for  hardness  and  for  toughness. 
Experiments  with  suitable  apparatus  were,  therefore,  carried  out  for 


CUTTING    CAPACITY 


15 


measuring  the  hardness  and  toughness  at  various  temperatures,  taking 
into  consideration  such  factors  as  different  methods  of  grinding  the 
tools,  etc.  The  experiments  made  it  possible  to  answer  the  questions 
propounded  above,  as  follows: 

1. — The  low  durability  of  all  tool  steels,  cutting  under  water  at  low 
speeds  and  light  cuts,  seems  to  be  completely  explained  by  the  low 
values  of  hardness  and  toughness  which  always  occur  at  cutting  tem- 
peratures of  50  to  100  degrees  C,  1122  to  212  degrees  F.).  The  break- 
ing tests  have  shown  in  every  case  the  product,  hardness  times  tough- 
ness, increases  in  value  as  the  temperature  is  raised  above  100  degrees 
C.  The  tutting  tests  have  shown  In  every  case  that  the  durability  in- 
creases when  the  cutting  speed  is  raised  above  20  feet  per  minute. 
These  cutting  tests  have  also  shown  that  the  durability  always  in- 
creases when  a  tool  working  at  20  feet  per  minute  is  allowed  to  cut 
dry  instead  of  with  water,  or  with  hot  water  instead  of  cold.  It  is 
impossible  to  doubt  that  these  arc  different  manifestations  of  the 
same  physical  change  In  the  steel. 

A  clear  recognition  of  this  phenomenon  is  of  great  practical  im- 
portance. A  great  deal  of  the  metal  cutting  in  every  machine  shop 
consists  in  taking  line  finishing  cuts,  often  with  water  on  the  tool. 
If  such  cuts  are  taken  at  a  slow  speed,  the  temperature  of  the  cutting 
edge  may  not  rise  above  100  degrees  C,  in  which  ease  the  tool  will  be 
quickly  blunted.  Its  durability  can  be  Increased  by  increasing  the 
speed  or  by  cutting  dry.  Many  cases  are  known  to  have  occurred  la 
ordinary  workshop  practice,  where  an  increase  in  cutting  speed  lias 
actually  resulted  in  increased  durability  of  the  tool.  Low  durability 
at  low  cutting  temperatures  (on,  for  example,  finishing  eutsl  is  a 
familiar  characteristic  of  high-speed  steels,  and  is  most  marked  in 
tools  which  have  been  suitably  hardened  for  very  high  temperature 
work.  High-speed  steel  can  be  so  hardened  as  to  retain  its  durability 
at  fairly  low  temperatures,  and  there  are  now  on  the  market  tungsten 
steels  specially  adapted  for  low  temperature  work,  Buch  as  finishing 
very  heavy  forgiugs;  but  every  description  of  steel  known  to  the 
author  loses  its  durability  if  the  cutting  temperature  is  low  enough. 
It  should  be  noted  that  a  low  cutting  temperature  can  only  occur  when 
there  is  a  combination  oT  low  speed  with  tight  cut.  A  heavy  or  mod- 
erate cut  raises  the  temperature  of  the  cutting  edge  above  100  de- 
grees C.  even  at  very  slow  speeds. 

2.— The  phenomenon  of  the  double-peaked  curve  is  not  completely 
elucidated,  though  the  evidence  goes  some  way  to  explain  it.  The 
variations  of  hardness  and  toughness  with  temperature  are  of  a  com- 
plicated character,  and  the  cleft  between  the  two  peaks  of  a  dura- 
bility curve  appears  to  be  caused  by  the  conjunction  of  depressions 
In  the  hardness  and  toughness  curves  at  a  particular  temperature. 
The  relative  heights  of  the  two  peaks  are  found  to  vary  with  the 
conditions  of  cutting,  and  tliis  variation  may  he  due  to  a  change  in 
the  relative  importance  of  the  hardness  and  toughness  factors,  accord- 
ing to  the  quality  of  the  material  cut.  or  the  shape  of  tne  tool. 

-The  decline  In  durability  which  take-  when  a  certain  limit- 
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Ing  speed  is  exceeded,  is  evidently  caused  by  an  actual  softening  of 
the  cutting  edge  by  the  heat  generated  in  cutting.  This  softening, 
which  is  extremely  local,  takes  place  even  when  the  tool  and  the  work 
arc  practically  immersed  in  running  water.  The  speeds  and  tem- 
peratures at  which  the  softening  occurs  depend  largely  on  the  par- 
ticular hardening  process  which  has  been  applied  to  the  tool,  and  are 
generally  highest  in  high-speed  steel. 

4. — It  is  not  yet  possible  to  establish  an  exact  scale  of  cutting  tem- 
peratures corresponding  to  the  scale  of  cutting  speeds,  but  a  compari- 
son of  the  temperature-durability  tests  with  the  speed-durability  tests 
enables  us  to  make  an  approximation,  as  in  Fig.  2. 

To  establish  the  relation  between  the  speeds  of  cutting  with  and 
without  water,  a  comparison  was  made  between  the  various  results 
obtained  in  the  tests,  from  which  it  appears  that  the  effect  of  using 
water  is  approximately  to  double  the  cutting  speed;  in  other  words, 
the  edge  of  a  tool  flooded  with  water  attains  about  the  same  tempera- 
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Fig.  2.     Approximate  Scale  of  Cutting  Temperatures  and  Cutting 
Speeds    when   Testing   in   Tool   Steel   Testing   Machine 

ture  as  the  edge  of  a  tool  cutting  dry  at  half  the  speed.  This  must 
not  be  taken  as  a»  general  statement  applicable  to  all  cutting  opera- 
tions. The  dry  cutting  temperature  depends  largely  on  the  volume  of 
metal  operated  upon.  The  tube  used  in  the  tool  steel  testing  machine 
is  small  in  diameter  and  light  in  section;  it  becomes  considerably 
heated  under  a  dry  cut.  In  machining  a  large  forging,  the  body  of 
metal  absorbs  a  great  deal  of  heat,  with  only  a  slight  rise  in  tempera- 
ture, and  the  use  of  water  has  less  effect  on  the  cutting  speed. 

Considerable  interest  attaches  to  a  comparison  of  the  durabilities 
of  carbon  and  high-speed  steels.  It  appears  that  the  high-speed  steel 
has  two  distinct  features  of  superiority.  The  speeds  at  which  it  at- 
tains its  maximum  durability  are  not  very  different  from  those  at 
which  carbon  steel  is  most  durable,  but  the  high-speed  steel  is  sev- 
eral times  as  durable  at  these  speeds.  Quite  distinct  from  its  superior 
durability  at  moderate  cutting  temperatures  is  the  property  possessed 
by  high-speed  steel  of  retaining  some  durability  at  temperatures  high 
enough  to  soften  carbon  steel,  but  its  actual  durability  under  such  con- 
ditions is  much  less  than  under  conditions  which  do  not  unduly  heat 
it.  In  other  words,  its  abrasive  quality  appears  to  be  more  important 
than  its  heat-resisting  quality. 


CHAPTER   IV 


DEVELOPMENT  AND  USE  OF  HIGH-SPEED  STEEL 

The  following  discussion  on  high-speed  steel  and  tools  made  from 
this  material  Is  an  abstract  of  a  paper  read  by  Mr.  J.  M.  Gledhill 
before  the  Iron  and  Steel  Institute  of  Great  Urltain,  The  high-speed 
steels  of  the  present  day  arc  combinations  of  iron  and  carbon  with: 
(II  Tungsten  and  chromium.  12)  Molybdenum  and  chromium,  (3) 
Tungsten,  molybdenum  and  chromium. 

Influence  of  Carbon 

A  number  of  tool  steels  were  made  by  the  Armstrong,  Whit  worth 
Co.  with  the  carbon  percentage  varying  from  0.4  per  cent  to  2.2  per 
cent,  and  the  method  of  hardening  was  to  heat  the  steel  to  the  high- 
est possible  temperature  without  destroying  the  cutting  edge,  and 
then  rapidly  cooling  in  a  strong  air  blast.  By  this  simple  method 
of  hardening  It  was  found  that  the  greatest  cutting  efficiency  is  ob- 
tained where  the  carbon  ranges  from  0.4  per  cent  to  0.9  per  cent,  and 
such  steels  are  comparatively  tough.  Higher  percentages  are  not 
desirable  because  great  difficulty  is  experienced  in  forging  the  steels, 
and  the  tools  are  inferior.  With  increasing  carbon  contents  the  steel 
is  also  very  brittle,  and  has  a  tendency  to  break  with  unequal  and 
intermittent  cutting. 

Influence  of  Chromium 

Having  thus  found  the  best  carbon  content  to  range  from  0.4  per 
cent  to  0.9  per  cent,  the  next  experiments  were  made  to  ascertain 
the  influence  of  chromium  varying  from  1.0  per  cent  to  6.0  per  cent 
Steels  containing  a  low  percentage  are  very  tough,  and  perform  excel- 
lent work  on  the  softer  varieties  of  stool  and  cast  Iron,  but  when  tried 
on  harder  materials  the  results  obtained  were  not  so  efficient.  With 
an  Increaeed  content  of  chromium  the  nature  of  the  steel  becomes 
much  harder,  and  greater  cutting  efficiency  Is  obtained  on  hard  ma- 
terials. It  was  observed  that  with  an  Increase  of  chromium  thera 
must  be  a  decrease  In  carbon  to  obtain  the  best  results  for  such  a  per- 
centage of  chromium. 

Mention  may  here  be  made  of  an  Interesting  experiment  to  ascer- 
tain what  effect  would  be  produced  In  high-speed  steel  by  substituting 
vanadium  for  chromium.  The  amount  of  vanadium  present  was  2.0 
per  cent.  The  steel  readily  forged,  worked  very  tough,  and  was  hard- 
ened by  heating  to  a  white  heat  and  cooling  in  an  air  blast.  This  tool 
when  tried  on  medium  steel  stood  well,  but  not  better  than  the  steel 
with  the  much  cheaper  element  of  chromium  in  it. 

Influence  of  Tungsten 
"Tils  important  element  is  contained  In  by  far  the  greater  number 
-"■nt   high-speed    steels   in    use.      A   number   of   experiments 
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were  made  with  the  tungsten  content  ranging  from  9.0  per  cent  to 
27.0  per  cent  From  9.0  per  cent  to  16.0  per  cent  the  nature  of  the 
steel  becomes  very  brittle,  but  at  the  same  time  the  cutting  efficiency 
is  greatly  increased,  and  about  16.0  per  cent  appeared  to  be  the  limit, 
as  no  better  results  were  obtained  by  increasing  the  tungsten  beyond 
this  figure*  Between  18.0  per  cent  and  27.0  per  cent  it  was  found  that 
the  nature  of  the  steel  altered  somewhat,  and  instead  of  being  brittle* 
it  became  softer  and  tougher,  and  while  such  tools  have  the  prop- 
erty of  cutting  very  cleanly,  they  do  not  stand  up  so  well. 

Influence  of  Molybdenum 

The  influence  of  this  element  at  the  present  time  is  under  investiga- 
tion, and  the  experiments  with  it  have  so  far  produced  excellent  re- 
sults; it  has  been  found  that  where  a  large  percentage  of  tungsten  is 
necessary  to  make  a  high-speed  steel,  a  considerably  less  percentage  of 
molybdenum  will  suffice.  A  peculiarity  of  these  molybdenum  steels 
is  that  in  order  to  obtain  the  greatest  efficiency  they  do  not  require 
such  a  high  temperature  in  hardening  as  do  the  tungsten  steels,  and 
if  the  temperature  is  increased  above  1800  degrees  F.  the  tools  are 
inferior,  and  the  life  shortened. 

Influence  of  Tungsten  with  Molybdenum 

It  was  found  that  the  presence  of  from  0.5  per  cent  to  3.0  per  cent 
molybdenum  in  a  high  tungsten  steel  slightly  increased  the  catting 
efficiency,  but  the  advantage  gained  is  altogether  out  of  proportion 
to  the  cost  of  the  added  molybdenum. 

Influence  of  Silicon 

A  number  of  high-speed  steels  were  made  with  silicon  content  vary- 
ing from  a  trace  up  to  4.0  per  cent.  Silicon  sensibly  hardens  such 
steels,  and  the  cutting  efficiency  on  hard  materials  is  increased  by  ad- 
ditions up  to  3.0  per  cent  By  increasing  the  silicon  above  3.0  per 
cent,  however,  the  cutting  efficiency  begins  to  decline.  Various  ex- 
periments were  made  with  other  metals  as  alloys,  but  the  results  ob- 
tained were  not  sufficiently  good  by  comparison  with  the  above  to  call 
for  comment. 

An  analysis  of  one  of  the  best  qualities  of  high-speed  steels  produced 
by  the  author's  firm  (Armstrong,  Whitworth  Co.)  is  as  follows:  "A.W.* 
Steel. — Carbon,  0.55  per  cent;  Chromium,  3.5  per  cent;  Tungsten,  13.5 
per  cent 

What  may  be  said  to  determine  a  high-speed  steel,  as  compared  to 
an  ordinary  tool  steel,  is  its  capability  of  withstanding  the  higher 
temperatures  produced  by  the  greatly  increased  friction  between  the 
tool  and  the  work  due  to  the  rapid  cutting.  An  ordinary  carbon  steel 
containing,  say,  1.20  per  cent  carbon,  when  heated  slightly  above  the 
critical  point  and  rapidly  cooled  by  quenching  in  water,  becomes  in- 
tensely hard.  Such  a  steel  gradually  loses  this  intense  hardness  at 
the  temperature  of  friction  reaches,  say,  500  degre*»  ■■  Th»  linrv 
the  temperature  is  maintained  the  longer  will  bf 


HIGH-SPEED    STEEL  19 

so  that  the  cutting  speed  is  very  limited.  With  rapid  cutting  steels 
the  temperature  of  friction  may  be.  greatly  extended,  even  up  to  1100 
degrees  F.  or  1200  degrees  P.,  and  It  has  been  proved  by  experience 
that  the  higher  the  temperature  for  hardening  Is  raised  above  the 
critical  point  and  then  rapidly  cooled,  ihe  higher  will  be  the  tempera- 
ture of  friction  that  the  tool  can  withstand  before  sensibly  losing  its 
hardness.  The  high  degree  of  heating  (almost  to  the  melting  point,  in 
fact  I  which  is  necessary  for  hardening  high-speed  steel,  forms  an  in- 
teresting study  in  thermal  treatment  and  is  indeed  a  curious  para- 
dox., quite  inverting  all  'heory  and  practice  previously  existing.  In 
the  case  of  hardening  ordinary  carbon  steels  very  rapid  cooling  is 
absolutely  necessary,  but  with  high-speed  steels  ihe  rate  of  cooling 
may  take  a  considerably  longer  period,  the  intensity  of  hardness  being 
increased  with  the  quicker  rate  of  cooling. 

Annealing1  HiKh- speed  Steel 

Turning  now  to  some  points  in  the  heat-treatment  of  high-speed 
Bteel,  one  of  the  most  important  is  the  process  of  thoroughly  anneal- 
ing it  after  working  Into  bars.  Accurate  annealing  is  of  much  value 
in  bringing  the  steel  to  a  state  of  molecular  uniformity,  thereby  remov- 
ing internal  strains  that  may  have  arisen,  due  to  casting  and  tilting, 
and  at  the  same  time  annealing  renders  the  steel  sufficiently  soft  to 
enable  it  to  be  machined  Into  any  desired  form  for  turning  tools, 
milling  cutters,  drills,  tups,  threading  dies,  etc.  Further  advantage 
also  results  from  careful  annealing  by  minimizing  risks  of  cracking 
when  the  steel  has  to  be  reheated  for  hardening.  In  cases  of  Intri- 
cately-shaped milling  toots  having  sharp  square  bottom  recesses,  hoe 
;s,  or  delicate  projections,  and  on  which  unequal  expansion  and 
contraction  are  liable  to  operate  suddenly,  annealing  has  a  very 
beneficial  effect  toward  reducing  cracking  to  a  minimum.  Increased 
ductility  is  also  imparted  by  annealing,  and  this  is  especially  re- 
quisite in  tools  that  have  to  encounter  sudden  shocks  due  to  Inter- 
mittent cutting,  such  as  planing  and  slotting  tools,  or  others  sud- 
denly meeting  projections  or  irregularities  on  the  work  operated  on. 
The  annealing  of  high-speed  steel  Is  best  carried  out  in  muffle  fur- 
naces designed  for  heating  by  radiation  only,  a  temperature  of  1400 
degrees  F.  being  maintained  from  twelve  to  eighteen  hours  according 
to  the  section  of  the  bars  of  steel  dealt  with. 

A  number  of  other  methods  are  also  used  for  annealing  high-speed 
steel.  The  following  method  is  recommended  by  one  of  the  largest 
high-speed  tool  steel  manufacturers  in  America.  Particular  attention 
is  called  to  the  temperatures  to  which  the  steel  to  be  annealed  Is  to 
be  heated,  the  time  necessary,  and  also,  that  powdered  charcoal  Is 
given  first,  It  having  the  preference  over  fine  air-dried  lime  or  pow- 
dered mica. 

"In  annealing  high-speed  steel,  use  an  iron  box  or  pipe  of  sufficient 

size  to  allow  at  least  one-half  Inch  of  packing  between  the  pieces  of 

••eel  to  be  annealed  and  the  sides  of  the   box  or  pipe.      (We  call  at- 

here  to  the  fact  that  It  Is  not  necessary  that  each  piece  of 
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steel  to  be  annealed  be  kept  separate  from  every  other  piece,  but  only 
that  the  steel  be  prevented  from  touching  the  sides  of  the  annealing 
pipe  or  box.)  Pack  carefully  with  powdered  charcoal,  fine  dry  lime  or 
mica.  Cover  with  cap,  which  should  be  air-tight,  but  if  it  is  not, 
then  lute  on  with  fireclay.  Heat  slowly  to  a  full  red  heat,  about 
1475  or  1500  degrees  F.,  and  hold  at  this  heat  from  two  to  eight 
hours,  depending  on  the  size  of  the  pieces  to  be  annealed.  A  piece  of 
2  by  1  by  8  inches  requires  about  three  hours  time.  Cool  as  slowly 
as  possible,  and  do  not  expose  to  the  air  until  cold.  A  good  way  is  to 
allow  the  box  or  pipe  to  remain  in  the  furnace  until  cold." 

A  series  of  experiments  were  recently  made  to  determine  the  proper 
temperature  to  which  to  heat  high-speed  steel  for  annealing.  It  was 
found  then  when  this  steel  was  heated  to  below  1250  degrees  F.  and 
slowly  cooled,  as  in  annealing,  it  retained  the  original  hardness  and 
brittleness  imparted  to  the  steel  in  forging.  When  heated  to  between 
1250  and  1450  degrees  F.,  the  Brinnell  test  indicated  that  the  steel  was 
soft,  but  impact  tests  proved  that  the  steel  still  retained  Its  original 
brittleness.  However,  when  heated  to  between  1475  and  1525  degrees 
F.  the  steel  became  very  soft,  it  had  a  beautiful  fine-grained  fracture, 
and  all  of  the  initial  brittleness  had  entirely  disappeared. 

In  carrying  these  tests  further,  to  1600,  1750,  and  1850  degrees  F., 
it  was  found  that  the  steel  became  very  soft,  but  there  was  a  gradual 
increase  in  brittleness  and  in  the  size  of  the  grain,  until  at  1850  de- 
grees F.  the  steel  became  again  as  brittle  as  unannealed  steel;  the 
fracture  at  this  temperature  was  dull,  dry  and  lifeless,  and  showed 
marked  decarbonization.  Dried  air-slaked  lime  was  used  as  a  pack- 
ing medium  in  making  these  tests.  The  steel  was  packed  in  tubes 
sealed  air-tight  on  both  ends.  The  decarbonization  that  took  place 
was  probably  due  to  the  oxygen  in  the  air  that  had  filled  the  inter- 
vening spaces  between  each  minute  particle  of  lime,  before  It  was 
packed  in  the  tube,  attacking  the  carbon  of  the  steel;  this  decar- 
bonization would  not  have  taken  place  if  powdered  charcoal  had  been 
used.  The  latter  would  have  supplied  all  the  carbon  necessary  to  com- 
bine with  any  oxygen  present  in  the  tubes. 

An  annealing  chart,  taken  by  a  Bristol  recording  pyrometer,  show- 
ing the  temperature  of  one  of  the  annealing  furnaces  in  which  a  well- 
known  grade  of  high-speed  steel  is  annealed  by  the  manufacturer,  is 
shown  in  Fig.  3.  The  method,  which  is  carried  on  by  this  manu- 
facturer day  after  day,  is  to  first  pack  the  bars  to  be  annealed  in  ten- 
inch  diameter  wrought-iron  pipes,  about  fourteen  feet  long,  the  pack- 
ing medium  being  pulverized  charcoal.  Then  both  ends  of  the  pipes 
are  sealed  air-tight  with  fireclay.  The  annealing  furnaces  are  fired 
with  coal  and  are  brought  up  to  1500  degrees  F.  at  7  A  M.  At  this 
time  the  large  furnace  doors  are  opened  and  from  four  to  six  of  the 
ten-inch  pipes,  previously  packed  with  steel  and  sealed,  are  rolled  into 
the  furnace.  The  doors  are  then  closed  and  the  furnace  is  continu- 
ously fired  until  5.30  P.  M.,  the  temperature  being  kept  as  near  *~ 
1500  degrees  F.  as  possible.  The  chart,  which  shows  two  day* 
will   indicate  how   well   this  temperature  has  been  maintain! 
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grees  F.,  where  it  is  permitted  to  cool  until  reduced  to  the  tempera- 
ture of  the  bath.  Afterwards  the  steel  can  be  drilled,  filed,  or  ma- 
chined into  any  form  with  little  difficulty.  The  more  care  devoted 
to  the  heating,  the  better  the  results  will  be.  To  heat  rapidly  will 
induce  internal  strains  and  greatly  increase  the  risk  of  breakage  when 
the  pieces  are  plunged  into  the  water  bath. 

Another  annealing  method  which  differs  considerably  from  those 
outlined  on  the  preceding  pages  is  used  by  a  well-known  tool  manu- 
facturer. While  doubt  has  been  expressed  as  to  its  practicability,  it 
is  claimed  to  give  good  results.  There  is  only  one  objection;  the 
pieces  annealed  will  scale  off  somewhat,  but  as  the  surface  is  gener- 
ally machined  anyway,  this  objection  is — for  many  classes  of  work — 
of  no  importance.    The  method  is  as  follows: 

Pack  the  tools  to  be  annealed  directly  in  the  oven,  one  on  top  of 
the  other,  the  furnace  being  entirely  filled  if  necessary.  Then  heat 
the  furnace  to  a  temperature  not  exceeding  1700  or  1750  degrees  F. 
It  should  not  require  more  than  three  hours  for  the  furnace  to  reach 
this  heat,  which  is  then  maintained  for  about  two  hours  more,  or, 
until  the  temperature  of  all  the  tools  has  been  raised  to  that  of  the 
furnace  itself.  (When  smaller  pieces  are  to  be  annealed,  It  is  there- . 
fore,  sufficient  to  maintain  the  heat  for  about  one  hour.)  Then  shut 
off  the  heat  and  at  the  same  time  close  all  holes,  such  as  burner  and 
draft  holes,  as  carefully  as  possible,  and  let  the  tools  cool  off  In  the 
furnace.  This  cooling  takes  places  very  much  quicker  than  when  the 
first  mentioned  method  is  used,  because  the  tools  are  not  packed,  and. 
hence,  there  is  a  saving  in  time  not  only  in  the  heating  but  also  In  the 
cooling.  The  greater  part  of  the  expense  of  annealing  is  thus  saved 
on  account  of  the  saving  in  fuel,  and  the  elimination  of  the  packing, 
packing  materials  and  the  boxes. 

Forging  and  Hardening 

In  preparing  high-speed  steel  ready  for  use  the  process  may  be 
divided  principally  into  three  stages:  forging,  hardening,  and  grind- 
ing. It  is,  of  course,  very  desirable  that  high-speed  steel  should  be 
capable  of  attaining  its  maximum  efficiency  and  yet  only  require  treat- 
ment of  the  simplest  kind,  so  that  an  ordinarily  skilled  workman  may 
easily  deal  with  it,  otherwise  the  preparation  of  tools  becomes  an 
expensive  and  costly  matter,  and  materially  reduces  the  advantages 
resulting  from  its  use.  Fortunately,  the  treatment  of  high-speed  steel 
as  produced  by  leading  firms  is  of  the  simplest;  simpler  in  fact  than  of 
ordinary  carbon  steels  or  of  the  old  self-hardening  steels.  Great  care 
has  to  be  exercised  in  the  heating  of  the  latter  steels,  for  if  either 
are  heated  above  a  blood-red  heat,  say,  1600  degrees  F.,  the  danger 
of  impairing  their  efficiency  by  burning  is  considerable;  whereas  with 
the  high-speed  steel,  heating  may  be  (and  must  be)  carried  to  a  much 
higher  temperature,  even  to  the  melting  point,  it  being  practically 
impossible  to  injure  it  by  burning.  The  steel  may  be  raised  to  a  yel- 
low heat  for  forging,  say,  1850  degrees  F.,  at  which  temperature  it  is 
soft  and  easily  worked  into  any  desired  form,  the  forging  proceeding 
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until  the  temperature  lowers  to  a  good  red  heat,  say,  WW)  degrees  P., 
when  work  on  It  should  cease  and  the  steel  be  reheated. 

u  heating  a  bar  of  high-speed  steel  preparatory  to  forging  (whicn 
heating  is  beet  dune  In  a  clear  coke  fire)  it  la  essential  that  the  bar 
be  heated  thoroughly  and  uniformly,  so  as  to  insure  that  the  heat 
has  penetrated  to  the  center  of  the  bar,  for  if  the  bar  be  not  uniformly 
heated,  leaving  the  center  comparatively  cold  and  stiff,  while  the  out- 
side is  hot,  the  steel  will  not  draw  or  spread  out  equally,  and  crack- 
ng  will  probably  result.     A  wise  rule  in  heating  is  to  "hasten  slowly." 

It  Ik  not  advisable  to  break  pieces  from  the  bar  while  cold,  the 
effect  of  so  doing  tending  to  induce  fine  end  cracks  to  develop  which 
ultimately  may  extend  and  give  trouble;  but  the  pieces  should  be  cut 
while  the  bar  is  hot,  then  be  reheated  as  before  and  forged  to  the 
shape  required,  after  which  the  tool  should  be  laid  in  a  dry  place 
until  cold. 

The  temperature  for  hardening  higb-speed  steel  varies  somewhat 
according  to  the  class  of  tool  being  dealt  with.  When  hardening  turn- 
ing, planing,  or  slotting  tools,  and  others  of  similar  class,  only  the 
point  or  nose  of  tool  should  be  gradually  raised  to  a  white  melting 
heat,  though  not  necessarily  melted;  but  no  harm  is  done  even  If  the 
point  of  the  tool  becomes  to  a  greater  or  less  extent  Tuaed  or  melted. 

The  tool  should  then  be  immediately  placed  In  an  air  blast  and 
cooled  down,  after  which  it  only  requires  grinding  and  is  then  ready 
use.  Another  method,  which  may  be  described,  of  preparing  the 
tools  is  as  follows:  Forge  the  tools  as  before,  and  when  quite  cold 
grind  to  shape  on  a  (fry  stone  or  dry  emery  wheel,  an  operation  which 
may  be  done  with  the  tool  fixed  ja  a  rest  and  fed  against  the  stone  or 
emery  Wheel  by  a  screw,  no  harm  resulting  from  any  heat  developed 
at  this  stage.  The  tool  then  requires  beating  to  a  white  heat,  but  just 
short  of  melting,  and  afterward  complete  cooling  in  the  air  blast. 
This  method  of  first  roughly  grinding  to  shape  also  lends  itself  to 
cooling  the  tools  In  oil,  which  Is  specially  efficient  where  the  retention 
:i  sharp  edge  is  a  desideratum,  as  in  finishing  tools,  capstans  and 
automatic  lathe  tools,  brass-workers'  tools,  etc.  In  hardening  where 
oil  cooling  la  used,  the  tools  should  be  first  raised  to  a  white  heat,  but 
without  melting,  and  then  cooled  down  either  by  air  blast  or  in  the 
open  to  a  bright  red  beat,  say.  1700  degrees  P.,  when  they  should  be 
instantly  plunged  into  a  bath  of  rape  or  whale  oil,  or  a  mixture  of 
both. 

Referring  to  the  question  of  grinding  tools,  nothing  has  yet  been 
found  so  good  for  high-speed  steels  as  the  wet  sandstone,  and  the  tools 
ground  thereon  by  hand  pressure,  but  where  it  is  desired  to  use  emery 
wheels  It  Is  better  to  roughly  grind  the  tools  to  shape  on  a  dry  emery 
wheel  or  dry  stone  before  hardening.  By  so  doing  the  tools  require  but 
little  grinding  after  hardening,  and  only  slight  frictlonal  heating 
occurs,  but  not  sufficient  to  draw  the  temper  In  any  way,  and  thus  the 
cutting  efficiency  is  not  Impaired.  When  the  tools  are  ground  on  a 
wet  emery  wheel  and  undue  pressure  is  applied,  the  heat  generated 
by  the  great  friction  between  the  tool  and  the  emery  wheel  causes  the 
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sled  to  become,  hot,  and  water  playing  cm  the  steel  while  in  this  heated 
condition  tends  to  produce  cracking. 

With  regard  to  tlii>  hardening  and  tempering  of  specially  formed 
tools  of  high -speed  steel,  such  as  milling  and  guar  cutters,  twist  drills, 
taps,  threading  dies,  reamers,  and  other  toola  that  do  not  permit  of 
being  ground  to  shape  after  hardening,  and  where  any  melting  or 
fusing  of  the  culling  edges  must  be  prevented,  the  method  of  harden- 
ing Is  as  follows: 

A  specially  arranged  murtle  furnace  heated  either  by  gas  or  oil  is 
employed,  and   consists  of  two   chambers   lined   with   fireclay,   the  gas 


Fiu-.  4.     Hrtlt   Furr.a.,,   fqr   Hardcnine   Millinr  Ciiiir-M   midr  of  Hirh-lEMd 

Stctli  *1»°  Tar.k  ami  Dij'pinf  Cage  for"  Turoptiint  ilitm  in  Oil 

ml  air  entering  (hrnugh  a  series  of  burners  at  the  back  of  the  fur- 

liiee,  and  so  under  en  til  nil  that  a  tempi  rature  up  to  2200  degrees  F, 

nay  be  steadily  maintained  in  the-  lower  chamber,  while  the  upper 

hiimher  is  kept  at  a  much  lower  temperature.     Hcfore  placing  the 

utters  in   (he  furnace  it  Is  advisable  to  1111   up  the  hole  and  keyways 

i-ltli  common  fireclay  to  protect  them.     The  cutters  are  first  placed 

ip«n   the   tup   or   the    furnace   until    they   are   warmed   through,   after 

vhicli  they  are  placed   in  the  upper  chmnb  :r,  Fig.  4,  and  thoroughly 

ltd  uniformly  heated  to  a  temperature  of  about  1500  degrees  P..  or, 

ay.   a   medium    red   heal,   when   they   are   I  ran  inferred   into   the   lower 

■umber  and  allowed  to  remain  therein  until  t!io  cutter  attains  the 

am 

■  heat   as  the   iiirimcc   itself.   )■»:..   annul   22«0  degrees   F.,  and  the 

nil  be  withdrawn  while 
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edges  are  sharp  and  uninjured,  and  revolved  before  an  air  blast 
until  the  red  heat  has  passed  away,  and  then  while  the  cutter  1b  still 

n— that  is,  just  permitting  of  its  being  handled— It  should  be 
plunged  Into  a  bath  of  tallow  at  about  200  degrees  F.  and  ihe  tempera- 
ture of  the  tallow  bath  then  raised  to  about  Si!l)  degrees  F.,  on  the 
attaiument  of  which  the  cutter  should  be  immediately  withdrawn 
and  plunged  in  cold  oil. 

course  there  are  various  other  ways  of  tempering,  a  good  method 
being  by  means  of  a  specially  arranged  gas-and-air  s'ave  Into  which 
the  articles  to  be  tempered  are  placed,  and  the  stove  then  heated  up 
to  a  temperature  of  from  500  degrees  F.  to  GOO  degrees  F.,  when  the 
gas  is  shut  off  and  the  furnace  with  its  contents  allowed  to  slowly  cool 

Very  satisfactory  results  in  hardening  high-speed  steel  tools,  such  as 
cutlers,  drills,  etc.,  have  been  obtained  by  the  following  method:  First 
pre-beat  in  an  oven-type  gas  furnace  to  from  1300  to  1500  degrees  F.; 
then  transfer  the  steel  to  another  gas  furnace  having  a  temperature 
varying  from  about  2000  to  2200  degrees  F.;  when  the  steel  ba3  at- 
tained this  temperature,  quench  la  a  metallic  salt  bath  having  a 
lemperature  varying  from  600  to  1200  degrees  F„  depending  upon 
the  kind  of  high-speed  steel  used.  The  piece  to  he  hardened  should  be 
stirred  vigorously  In  the  bath  until  it  has  obtained  the  temperature 
of  the  bath;  then  It  is  cooled,  preferably  in  the  air.  and  requires  no 
further  tempering;   or  It  may  be  put  directly  into   the  tempering  oil, 

hicb  should  be  at  a  temperature  anywhere  between  100  and  600  de- 
grees F.  The  tempering  hath  Is  then  gradually  raised  to  the  heat  re- 
quired for  tempering.  The  salt  bath  for  quenching  should  consist  of 
calcium  chloride,  sodium  chloride  and  potassium  form  -cyanide,  in  pro- 
portions depending  upon  the  required  heat.  Various  kinds  of  steel 
require  different  temperatures  for  the  metallic  salt  bath.  After  the 
temper  of  the  tool  has  been   drawn  in   the  oil,  the  work  Is  dipped  in 

tank  of  caustic  soda,  and  then  in  hot  water.  This  will  remove  all 
oil  which  might  adhere  to  the  tools,  and  is  a  method  that  applies  to  alt 
tools*  after  being  tempered. 

The  Pyrometer  and  Time  Stud?  in  Steel  Treatment 
The  general  experience  of  a  maker  of  lathe  and  planer  cutters  for 
tool-holders,   outlined   briefly    in    the   following,   shows   how    necessary 
are  exact  scientific   methods  to  insure  the  production  of  uniformly 
satisfactory  high-speed  steel   loots: 

■'Investigations  in  machine  shops  and  tool-rooms  Indicate  that  tbu 
rault  of  most  Importance  to  the  managers  is  the  lack  of  uniformity  in 
remits  obtained  from  high-speed  cutting  toots.  Many  places  wen 
found  where  attempts  were  made  to  treat  steel  by  faulty  methods  or 
with  icadquate  facilities.  The  lack  of  pyrometers,  failure  to  ase 
pyrometers  when  provided,  hardening  in  charcoal  furnaces  insuf- 
ficiently heated  and  treating  without  prc-beating.  were  a  few  of  the 
jractlces  noted  that  produced  ununiform  results — a  few  good  pieces 
md  many  almost  worthless. 
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"It  seems  to  be  the  general  opinion  among  those  not  getting  results 
that  pyrometers  are  not  of  much  use,  that  they  do  not  give  correct 
readings,  and  that  better  results  can  be  gotten  by  depending  on  a 
man's  experience  than  on  any  mechanical  device.  Now  in  the  treat- 
ment of  cutters  we  have  had  failures  with  pyrometers,  but  at  the  same 
time  have  found  the  cure  for  it,  and  that  is  frequent  calibration. 
There  is  no  question  but  what  a  man's  eye  is  a  better  judge  of  the  heat 
in  a  furnace  than  an  incorrectly  calibrated  pyrometer. 

"In  the  treatment  of  our  cutters,  we  have  probably  employed  no 
more  skilled  men  than  are  used  in  many  large  plants  for  treating 
high-speed  steel,  but  the  methods  that  they  use  and  depend  on  are 
scientifically  correct  Since  the  adoption  of  the  improved  Taylor- 
White  treatment  of  high-speed  steel  we  have  sent  out  thousands  of 
cutters  and  have  received  practically  no  complaints.  Our  experience 
has  shown  that  a  cutter  treated  today  is  the  same  as  one  treated  six 
months  ago  and  will  be  the  same  as  one  treated  six  months  from 
now.  We  have  tested  all  makes  of  high-speed  steel,  and  have  proved 
that  with  proper  heat-treatment  any  one  of  four  or  five  of  the  real 
high-grade  high-speed  steels  is  entirely  satisfactory  and,  in  fact,  cut- 
ters made  from  all  of  them  cannot  be  told  apart  in  use. 

"All  our  cutters  are  pre-heated  in  a  low-heated  furnace  at  a  tem- 
perature of  1350  degrees  F.  This  heating  takes  out  all  strains  in  the 
metal  and  puts  it  in  the  best  possible  condition  for  bringing  quickly 
to  the  high  heat  necessary  to  get  the  best  results  from  high-speed 
steel.  Every  cutter  from  the  smallest  to  the  largest  is  treated  in  ac- 
cordance with  its  sectional  area  and  size.  It  goes  from  the  low-heat 
into  the  high-heat  furnace  and  stays  there  for  a  time  that  has  been 
determined  for  each  size  of  tests.  We  use  pyrometers  constantly  on 
both  furnaces,  which  are  tested  twice  a  week,  having  found  that  this 
is  as  long  as  they  can  safely  go  without  being  checked.  The  heat- 
treating  room  is  provided  with  a  specially  made  clock  which  starts  on 
the  pull  of  a  lever  by  the  man  running  the  furnace,  who  knowing  the 
proper  length  of  time  required  for  the  cutter  being  treated,  sets  the 
clock  accordingly.  At  the  end  of  the  predetermined  time  the  clock 
rings  a  bell  and  stops,  and  the  operator  takes  out  a  cutter  and  puts 
it  Into  the  proper  medium. 

"Our  experience  shows  that  it  is  necessary  to  bring  the  high-heat 
furnace  to  a  temperature  above  the  melting  point  of  high-speed  steel 
to  get  satisfactory  results.  This,  of  course,  requires  positive  accuracy 
of  the  time  chart  as  a  fraction  of  a  minute  too  much  in  the  furnace 
would  ruin  the  cutter,  and  too  short  a  time  would  not  give  sufficient 
heat.  Another  reason  for  this  is  that  to  get  the  best  results  from 
high-speed  steel,  it  is  necessary  to  quickly  raise  the  heat  from  1350 
degrees  F.  to  the  highest  heat  required. 

"We  believe  that  the  essentials  for  proper  treatment  of  high-speed 
steel  are:  a  first-class  quality  of  high-speed  steel,  pre-neatinjL  QttfoUy 
raising  the  temperature  of  the  steel  to  the  proper  i 
a  high-heat  furnace,  the  use  of  accurately  calibrat 
a  correct  time  chart." 
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Hardness  or  Temper  of  Hiy-h-apsod  Steel  Tools 

Of  the  elements  involved  In  tool  efficiency,  hardness  or  temper 
formerly  was  considered  the  most  important,  the  design  and  condi- 
tions of  use  being  little  regarded.  At  the  present  time,  the  intelligent 
making  of  high-speed  tools  involves  a  consideration  of  all  these  and 
other  elements,  relegating  to  hardness  or  temper  its  appropriate  place. 
The  extreme  hardness  of  many  of  tliese  tools  has  frequently  led  to 
the  inference  that  a  tool  has  been  properly  treated  if  it  is  very  hard, 
so  hard  that  a  good  file  will  not  "touch"  it.  However,  extreme  hard- 
ness is  not  always  an  Indication  of  the  efficiency  of  a  high-speed  tool; 
although  it  is  necessary  in  certain  classes  of  work  (cutting  refractory 
stock,  for  Instance),  in  others  it  not  only  Is  unnecessary,  but  per- 
haps even  undesirable.  As  a  matter  of  fact  the  largest  users  of  the 
best  makes  of  high-speed  steel  find  that  for  many  purposes  tools  do  the 
best  work  and  give  the  most  efficient  service  when  soft  enough  to  be 
"touched"  by  a  good  Hie,  and  even  when  bo  soft  that  It  will  "take 
hold."  However  that  may  be.  the  file  test  for  high-speed  tools  Is  quite 
valueless  even  in  those  caseB  where  it  Is  desirable  that  the  degree 
of  hardness  be  determined.  Such  tests,  to  be  of  value,  would  require 
that  the  files  must  be  absolutely  uniform  w  temper.  Even  the  best 
of  flies,  however,  vary  more  or  less  in  temper  and  hardness;  and  a 
tool  passed  as  "hard  enough,"  when  tested  by  one  file  might  easily 
fail  to  pass  the  test  when  tried  by  another,  presumably  of  the  same 
temper. 

Disadvantages  o(  Hia-n-speed  Steel  Tool-holdera 

The  early  method  of  economizing  In  steel  by  using  tool-holder  Btock 
rather  than  making  the  entire  tool  of  high-speed  steel,  in  the  case  of 

ose  tools  whose  cutting  edges  or  points  work  without  Intermission 

s  those  used  for  turning,  planing  and  similar  operations)  Is  open  to 
criticism,  and  is  not  now  so  generally  followed  as  formerly.  A  char- 
acteristic of  the  operation  of  high-speed  tools  Is  the  rapid  generation 
of  heat  in  the  cutting  edge.  In  the  case  of  milling  cutters  and  kin- 
dred tools  this  is  of  small  consequence,  because  the  cutters  are  Inti- 
mately attached  to  a  relatively  large  mass  of  metal  which  conducts 
the  heat  away  very  efficiently.  Furthermore,  these  cutters  work  inter- 
mittently, each  for  a  very  brief  space  of  time,  aud  for  the  remainder 
of  the  revolution  are  exposed  to  the  air  and  cooled  by  it  The  cutting 
edges  are  not  allowed,  therefore,  to  get  exceedingly  hot,  as  is  the 
ease  with  the  edge  of  a  turning  tool  run  at  the  same  speed.  It  Is 
necessary  that  the  body  of  such  a  turning  (or  similar)  tool  he  large 
enough  to  conduct  away  a  considerable  portion  of  the  heat  generated) 
at  the  cutting  edge;  and  in  order  to  do  this  effectively  the  tool  must 
be  continuous;  that  is,  there  must  be  no  appreciable  separation  be- 
tween the  part  of  the  tool  which  does  the  cutting  and  the  body  from 
which  most  of  the  heat  radiates,  as  there  is  ordinarily  when  a  small 
steel  is  held  in  a  tool-holder.  There  are  tool-holders  which 
Ms  difficulty,  and  which  are  satisfactory  in  smaller  sizes. 
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Methods  of  Uniting-  High-speed  Steel  with  the  Tool  Body 

From  the  very  first,  methods  were  sought  whereby  high-speed  steel 
cutting  points  could  be  intimately  combined  with  tool  bodies  made 
of  ordinary  and  much  cheaper  steels.  For  the  most  part  the  methods 
tried  were  ineffective  and  impracticable.  The  reasons  are  not  well 
understood.  The  disinclination  of  the  two  steels  to  unite  probably 
is  due  to  a  difference  in  their  coefficients  of  expansion.  There  is, 
however,  no  trouble  in  brazing  them  together;  and  when  this  does 
not  involve  placing  a  great  strain  upon  the  brazed  joint,  this  method 
does  very  well.  Obviously  the  cutters  are  hardened  before  being 
brazed  into  place.  A  successful  example  of  such  a  combination  is  a 
lathe  or  a  planer  tool  made  with  practically  no  forging  and  with  a 
relatively  thin  plate  of  high-speed  steel  brazed  to  the  front  and  top 
to  form  the  cutting  edge.  Rose  and  other  forms  of  reamers  and  mills 
have  been  made  in  a  similar  way,  the  body  of  machinery  steel  being 
machined  with  recesses  for  high-speed  blades,  which  are  brazed  into 
place.  Such  tools  have  been  in  use  for  several  years,  with  satisfaction. 
The  latter,  especially,  are  as  good  as  if  of  solid  high-speed  steel  ex- 
cept  when  it  is  essential  that  they  be  re-annealed  or  re-hardened — 
which  is  seldom  necessary. 

Almost  as  soon  as  the  new  steels  made  their  appearance,  the  feasi1 
bility  of  welding,  electrically  and  autogenously,  a  high-speed  cutting 
point  and  a  machinery  steel  tool  body  was  demonstrated.  Such  tools 
conform  to  the  requirement  of  being  perfectly  continuous,  and  the 
weld  is  practically  as. strong  as  the  rest  of  the  tool.  It  is  feasible  to 
forge  the  end  to  any  required  shape  as  if  the  entire  tool  were  of  high- 
speed steel;  and,  since  in  hardening  only  the  nose  is  heated  to  a  high 
heat,  the  machinery  or  tool  steel  body  is  in  nowise  impaired.  The 
method  of  electrical  welding,  as  used  in  this  connection,  is  exceed- 
ingly simple.  The  two  pieces  to  be  welded  are  attached  to  the  term- 
inals of  a  circuit  of  suitable  voltage,  and  the  edges  brought  together. 
The  resistance  to  the  passage  of  the  current  offered  by  the  imperfect 
contact  sets  up  enough  heat  to  melt  the  metal  and  forms  a  perfectly 
homogeneous  junction.  The  autogenous  (oxygen  and  acetylene  blow- 
pipe) method  is  almost  as  simple;  the  flame  is  directed  into  the 
crevice  where  the  two  pieces  are  brought  together,  and  melts  the 
adjacent  metal  so  as  also  to  form  a  homogeneous  joint 

Fig.  5  shows  samples  of  electric  welding  which  are  of  special  in- 
terest to  machine  shop  managers,  foremen,  and  others  interested  in 
economical  shop  practice.  They  illustrate  the  economy  in  the  use  of 
high-speed  steel,  made  possible  by  the  electric  welding  process.  The 
upper  left-hand  figures  show  a  counterbore  made  with  a  carbon  steel 
shank  and  high-speed  cutting  part  electrically  welded  thereto.  Below 
these  views  are  views  of  a  lathe  center  with  carbon  steel  shank  and 
high-speed  steel  tip,  before  and  after  finishing.  In  the  same  illus- 
tration are  shown  diamond  point,  side  and  turning  lathe  tools  of 
high-speed  steel  welded  onto  carbon  steel  or  machine  steel  shanks. 

A  twist  drill  broken  in  the  shank  can  he  repaired  by  welding  on  a 
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new  piece,  and  with  highspeed  twist  drills,  tho  wiUtm  In 
considerable.     The  process   is  also  advantageous   in   mftktty 
drills.     The  ordinary  practice  is  to  weld  on  «  wrtmjthi  Inm  itall   M 
to  insert  a  wrought-iron  lllling  piece,  bMMM  of  the  illuVult>    Bf  mul. 
ing  welds  in  steel.     The  electric  welding  proWHB  nmlic'*  ti   p ..     ,<  i.    i  . 
weld  on  carbon  steel  shanks  which,  of  course,  are  MlnVr  and  niriiii«»r 

thin  wrought  iron.     The  figure  direct!}    In  Inn    Uu-   huh     In  nhowa  ft 

twtot  tirill  with  a  repaired  tattSi  ths  Iuiir  IuivIiik  l>""ii  twUtwi  off  arid 
replaced  by  another  tans  ikctriiHlly   wiMi<] 

A    method    for    welding   nlghXPMd    ItMl    OUttW      til 
bodies  or  shanks  has  been  patcnti-il  liy  Mr.  I'jiiiI  A.   Vlnllun.   i 
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steel,  and  hardened.  When  the  welded-on  part  of  high-speed  steel  is 
worn  down  so  that  it  must  be  replaced  by  a  new  cutter,  the  old  cutter 
may  be  detached  without  injuring  the  machine  steel  shank,  by  heat- 
ing the  cutter  and  the  shank  at  the  joint,  and  then  removing  the 
cutter  by  pressure  applied  on  its  side. 

Another  method  (patented)  recently  brought  forward,  somewhat  re- 
sembling brazing,  is  asserted  to  give  a  joint  fully  as  strong  as  the 
rest  of  the  tool.  A  thin  film  of  copper  is  placed  along  the  line  of  the 
joint,  and  the  parts  to  be  welded  are  surrounded  by  a  reducing  com- 
pound and  then  placed  in  a  furnace  raised  to  a  temperature  of  about 
1200  degrees  C.  (2200  degrees  F.).  The  copper  flows  freely  into  the 
interstices  and  is  said  to  produce  actual  cohesion  between  the  adjacent 
molecules,  making  a  perfect  joint,  so  strong  that  a  fracture  will  follow 
a  new  break  rather  than  pass  through  the  joint 

These  methods  are  available  for  all  classes  of  tools  made  partly  of 
high-speed  and  partly  of  machinery  steel  or  other  materials.  Reamer 
and  mill  blades,  die  faces,  shear  blades,  jack  knives,  etc,  all  are 
readily  welded  to  supporting  forms  or  backs  and  make  tools  quite  as 
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Tig.    6.    High-speed  Steel   Cutter  to  be  Welded  to  Shank  of  Machine   Steel 

efficient  as  if  of  solid  high-speed  steel — and  generally  much  more  so 
than  if  the  cutters  or  faces  were  attached  by  screws,  bolts,  rivets,  or 
similar  methods.  Long-shank  and  extension  drills,  reamers,  etc,  can 
readily  be  made  with  the  cutting  parts  of  high-speed  steel  and  the 
shanks  of  cheaper  steel.  The  processes  mentioned,  especially  the 
electrical,  are  available  also  for  the  repair  of  broken  tools,  many  of 
which  can  thus  be  saved  for  further  use.  The  repairing  may  involve 
the  welding  of  the  broken  parts  or  the  replacing  of  an  old  part  by  a 
new,  as  may  be  most  expedient. 

Cutting-  High-speed  Steel 

Only  an  expert  can  nick  and  break  high-speed  steel  from  the  bar 
without  damage  to  the  structure  adjacent  to  the  fracture— and  even 
an  expert  cannot  be  sure  of  doing  so  with  safety;  the  best  way, 
where  the  end  is  to  be  used  for  working  purposes,  is  to  cut  the  bar. 
The  circular  saw  most  frequently  used  does  very  well,  though  a  band 
saw  works  better  and  rather  more  rapidly.  Small  bars  can  readily 
be  cut  in  bundles,  if  held  very  rigidly.  The  saws,  obviously,  should, 
themselves,  be  of  high-speed  steel.  Complaints  have  been  made  that 
it  is  impossible  to  saw  these  steels.  The  complaints  probably  origin- 
ated in  the  use  of  improperly  hardened  saws;  for  there  is  no  difficulty 
whatever  in  cutting  them  with  suitable  saws.     A  singular  but  most 
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effective  method  has  been  employed  to  some  extent  It  consists  in 
the  use  of  a  highly-speeded  disk  of  tough  steel.  When  au  unused  dish 
is  first  forced  against  the  high-speed  steel,  the  disk  does  not  take 
hold  well;  but  after  being  run  in  contact  with  the  high-speed  steel  for 
a  lime  it  cuts  perfectly  and  rapidly,  leaving  a  clean  burrless  kerf.  The 
disk  may  be  of  any  steel  tough  enough  to  withstand  the  tremendous 
centrifugal  (and  other)  stresses  set  up  by  the  pressure  and  the  ter- 
rific speed  required.  Just  why  such  a  disk  cuts  is  not  exactly  clear. 
The  periphery  is  usually  found  studded  with  particles  of  the  steel 
being  cut.  and  the  "'sawdust"  appears  to  be  the  result  of  true  cutting. 

Detecting-  Cracks  In  High-speed.  Steel  Tools 
Fine  cracks  in  tools  are  most  difficult  to  discover.  Even  the  micro- 
scope often  fails  to  disclose  them.  Generally  they  can  be  detected,  If 
present,  by  the  very  simple  expedient  of  moistening  the  suspected 
surface  with' petroleum,  rubbing  clean,  and  then  wiping  off  with  chalk. 
Some  petroleum  enters  the  fracks  and  afterwards  sweats  out,  moisten' 
ing  the  overlying  chalk.  The  nature  and  extent  of  the  cracks  are 
thus  rendered  visible.  This  frequently  Is  of  great  importance  in 
testing  lots  of  high-speed  steel  tools. 

Re-forging-  of  Worn-down  Tools 
Tools  which  have  worn  down  so  as  to  be  useless  can  usually,  when 
made  of  solid  high-speed  steel,  be  forged  or  machined  down  and 
worked  into  tools  of  smaller  size,  if  care  is  exercised.  It  is  necessary 
always  to  re-anneal  prior  to  attempting  to  machine  such  old  tools;  and 
it  Is  also  expedient  when  forging  them  to  smaller  shapes.  In  passing, 
it  might  be  mentioned  that  re-nnnealfng  is  desirable  after  machining 
and  before  hardening  all  sorts  of  intricately-shaped  tools,  in  order  to 
relieve  any  possible  machine -caused  strains.  In  re-forging  high-speed 
tools,  whether  for  reduction  in  size  or  merely  in  re-fettling.  It  is  de- 
sirable that  they  be  heated  rather  slowly  at  first;  they  should  not 
be  thrust  cold  Into  a  very  hot  fire. 

Borne  Results  of  the  Use  of  High-speed  Steel 
That  great  economy  Is  effected  by  the  use  of  high-speed  steel  is 
beyond  all  doubt,  from  whichever  point  of  view  the  question  is  looked 
at;  for  it  Is  not  only  rapidity  of  cutting  that  counts,  but  the  output 
of  machines  is  correspondingly  increased,  so  that  a  greater  production 
Is  Obtained  from  a  given  installation  than  was  possible  when  cutting 
at  low  speeds  with  the  old  tool  steel,  and  the  work  is  naturally  pro- 
duced at  a  correspondingly  lower  cost,  and  of  course,  it  follows  from 
this  that  In  laying  down  new  plant  and  machines  the  Introduc- 
tion and  use  of  high-speed  steel  would  have  considerable  influence  In 
reducing  expenditure  on  capital  account  It  has  also  been  proved  that 
high-speed  cutting  Is  economical  from  a  mechanical  standpoint  and 
that  a  given  horse-power  will  remove  a  greater  quantity  of  metal  at 
a  high  speed  than  at  a  low  speed,  for  although  more  po* 
ally  required  to  take  off  metal  at  a  high  than  at  a  lr 
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reason  of  the  increased  work  done)  the  increase  of  that  power  is  by 
no  means  in  proportion  to  the  large  extra  amount  of  work  done  by 
the  high-speed  cutting,  for  the  frictional  and  other  losses  do  not  in- 
crease in  anything  like  the  same  ratio  as  a  high-cutting  speed  is  to  a 
low-cutting  speed.  A  brief  example  of  this  may  be  given  in  which  the 
power  absorbed  in  the  lathe  was  accurately  measured,  electrically. 

Cutting  on  hard  steel,  with  3/16  inch  depth  of  cut,  1/16  inch  feed,  and 
speed  of  cutting  17  feet  per  minute,  a  power  t)f  5.116'  horsepower  was 
absorbed,  and  increasing  the  cutting  speed  to  42  feet  per  minute,  the 
depth  of  cut  and  feed  being  the  same,  there  was  a  saving  in  power  of 
19  per  cent  for  the  work  being  done.  Another  experiment  with  depth 
of  cut  3/8  inch  and  traverse  1/16  inch  compared  with  1/16  inch  tra- 
verse and  3/16  inch  depth  of  cut,  showed  a  saving  in  power  of  as  much 
as  28  per  cent,  and  still  proceeding  with  a  view  of  increasing  the 
weight  of  metal  removed  in  a  given  time  the  feed  was  doubled  (other 
conditions  being  the  same)  and  a  still  further  saving  of  power  re- 
sulted. In  a  word,  as  in  the  majority  of  things,  so  it  is  with  rapid 
cutting,  the  more  quickly  work  can  be  produced  the  cheaper  the  cost 
of  production  will  be. 

Again,  as  regards  economy,  there  is  not  only  a  saving  effected  in 
the  actual  machine  work,  but  since  the  advent  of  high-speed  cutting 
it  is  now  possible,  in  many  instances,  to  produce  finished  articles  from 
plain  rolled  bars,  instead  of  following  the  old  practice  of  first  mak- 
ing expensive  forgings  and  afterward  finishing  them  in  the  machine. 
By  this  practice  not  only  is  the  entire  cost  of  forging  abolished,  but 
the  machining  on  the  rolled  bar  can  be  carried  out  much  quicker  and 
cheaper  in  suitably  arranged  machines,  quicker  even  that  the  machin- 
ing of  a  forging  can  be  done. 

Example  of  Efficiency  of  High-speed  Steel 

A  remarkable  example  of  the  gain  resulting  from  the  use  of  high' 
speed  tools  may  be  recorded;  the  articles  in  this  case  being  securing' 
bolts,  made  by  the  author's  firm,  for  armor  plates.  Formerly  where 
forgings  were  first  made  and  then  machined  with  ordinary  self-hard- 
ening steel,  a  production  of  eight  bolts  per  day  of  ten  hours  was  usual. 
With  the  introduction  of  high-speed  steel,  forty  similar  bolts  from  the 
rolled  bar  are  now  produced  in  the  same  time,  thus  giving  an  ad- 
vantage of  five  to  one  in  favor  of  quick  cutting,  and  also  in  addition 
abolishing  the  cost  of  first  rough-forging  the  bolt  to  form;  in  fact 
the  cost  of  forging  one  bolt  alone  amounted  to  more  than  the  present 
cost  of  producing  to  required  form  twelve  such  bolts  by  highspeed 
machining.  The  cutting  speed  at  which  these  bolts  are  turned  is  160 
feet  per  minute,  the  depth  of  cut  and  feed  being  respectively  %  inch 
and  1/32  inch,  the  weight  of  metal  removed  from  each  bolt  being  62 
pounds,  or  2480  pounds  in  a  day  of  ten  hours,  the  tool  being  only 
ground  once  during  such  period  of  work;  from  such  an  example  as 
this  it  will  be  at  once  apparent  what  an  enormous  saving  in  plant  and 
cost  results. 
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Equally  remarkable  results  are  obtained  with  high-speed  milling 
cutters,  and  one  example  among  many  may  be  cited.  Hexagon  nuts 
for  3%-inch  diameter  bolts  are  made  from  rolled  bars,  the  cutting 
speed  of  milling  being  150  feet  per  minute,  giving  a  production  of 
ninety  nuts  per  day,  against  thirty  formerly.  More  than  ninety  nuts 
could  have  been  produced  had  the  machine  been  more  powerful. 

The  Newer  Hiffh-speed  Steels 

After  the  metal  cutting  industries  had  taken  breath,  so  to  speak, 
following  the  advent  of  air-hardening  or  high-speed  steels,  and  begun 
to  adjust  themselves  to  the  new  situation,  the  use  of  self-hardening 
or  mushet  steels  rapidly  decreased  until  very  little  call  for  it  existed 
and  most  manufacturers  ceased  making  it  altogether,  putting  out  in- 
stead a  more  or  less  excellent  quality  of  the  high-speed  kind.  This, 
however,  was  not  for  some  little  time  after  the  Taylor-White  dis- 
coveries became  public.  The  self-hardening  steels  had  come  into 
rather  general  use  in  difficult  jobs,  and  in  progressively  managed  shops 
were  used  to  a  considerable  extent  on  all  sorts  of  jobs;  and  so,  while 
the  new  steels  with  their  wonderful  possibilities  were  justifying  them- 
selves and  establishing  their  place,  very  properly  there  was  a  dis- 
position to  hold  fast  to  that  which  had  already  proved  itself,  rather 
than  to  take  up  something  but  little  known  or  tried. 

Recently  there  has  again  come  to  be  some  demand  for  steels  which, 
while  possessing  the  qualities  of  high-speed  steel  to  a  moderate  de- 
gree, enough  to  adapt  them  to  a  class  of  work  not  requiring  its  high 
cutting  powers  and  red- hardness,  could  be  bought  at  a  price  con- 
siderably below  that  of  high-grade  air-hardening  steel;  and  a  number 
of  manufacturers  have  brought  forward  steels  to  fill  this  gap.  There 
doubtless  are  many  kinds  of  work  wherein  a  steel  of  less  endurance 
than  the  best  high-speed  varieties  would  answer  every  requirement  and 
yield  results  equally  as  good — jobs  where  extremely  high  speeds  or 
heavy  cuts  are  in  the  nature  of  the  case  impracticable,  or  as  in  certain 
wood-working  operations,  where  a  cutter  of  higher  endurance  than 
one  of  the  best  carbon  steel  would  have  an  almost  indefinite  life  any- 
way. In  such  cases,  it  would  seem,  the  high  cost  of  air-hardening 
steel  imposes  an  unnecessary  expense  in  tool  equipment. 

Most  such  "new"  steels  are  nothing  more  nor  less  than  mushet  or 
self-hardening,  though  some  seem  to  be  manganese  rather  than  tung- 
sten steels.  A  typical  example  of  such  a  "special,"  "intermediate,"  or 
"semi-high-speed"  steel,  of  excellent  sustaining  power  and  not  excep- 
tionally hard  to  treat,  has  the  composition: 

Carbon    1.19    per  cent 

Tungsten    7.56    per  cent 

Chromium   3.34    per  cent 

Manganese    0.46    per  cent 

Phosphorus    0.024  per  cent 

Sulphur    0.025  per  cei 

Silicon 0.20    per  o 
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Another,  corresponding  still  more  closely  in  its  composition  to 
mushet  steel,  gave  this  analysis: 

Carbon    0.94  per  cent 

Tungsten    4.78  per  cent 

Chromium    0.69  per  cent 

Manganese    0.27  per  cent 

Phosphorus    0.01  per  cent 

Sulphur   0.01  per  cent 

Silicon    0.11  per  cent 

Both  these  steels,  it  will  be  observed,  are  rather  lower  in  carbon  than 
most  mushet  steels  formerly  were,  and  the  first  is  rather  higher  in 
tungsten  while  the  second  is  lower  in  chromium.  A  third,  which 
scarcely  falls  within  the  mushet  class,  is  thus  composed: 

Carbon    1.25  per  cent 

Tungsten    2.25  per  cent 

Chromium    0.28  per  cent 

Manganese    0.85  per  cent 

Silicon    0.21  per  cent 

The  latter  is  advertised  and  sold  specifically  as  a  "finishing"  steel; 
and  it  unquestionably  gives  excellent  results  in  this  particular  kind  of 
work.  There  are,  besides,  a  number  of  other  steels  on  the  market,  sold 
for  tool  use,  the  tungsten  contents  (or  molybdenum  equivalent)  of 
which  ranges  anywhere  below  that  essential  to  a  high-grade  high-speed 
steel — say  17  per  cent — and  down  to  that  indicated  in  the  analysis 
above.  Most  of  these  are  sold  as  high-speed  steels,  though  usually  at  a 
lower  price  than  is  customary  for  those  of  highest  grade,  and  to  a 
greater  or  less  extent  are  so,  when  the  chromium  content  corresponds 
with  the  tungsten. 

Still  another  steel  very  widely  advertised  as  an  "intermediate"  steel, 
and  certainly  working  exceedingly  well  in  certain  classes  of  work,  in- 
cluding blanking  and  stamping  as  well  as  cutting  wood  and  metals  of 
moderate  hardness,  has  this  anomalous  composition: 

Carbon    1.03    per  cent 

Tungsten    0.46    per  cent 

Manganese    0.30    per  cent 

Phosphorus    0.025  per  cent 

Sulphur    0.009  per  cent 

Silicon    0.008  per  cent 

This  is  represented  as  a  very  dense  steel  requiring  very  slow  and 
careful  heating  to  a  bright  cherry-red  (800  to  850  degrees  C.  or  about 
1500  to  1550  degrees  P.)  for  cutting  tools,  and  somewhat  lower  for 
tools  intended  to  withstand  pressure  or  blows.  It  is  water  hardening, 
as  might  be  supposed  from  its  composition,  and  requires  the  temper 
to  be  drawn,  as  in  the  case  of  carbon  steel  tools.  It  is  claimed  to  be 
at  least  50  per  cent  tougher  than  carbon  tool  steel — though  that  is 
about  what  it  seems  really  to  be  except  for  being  high  in  manganese, 
Several  other  steels  sold  for  about  the  same  purposes  also  have  about 
the  same  amount  of  manganese,  and  some  a  certain  amount  higher. 


CHAPTER  V 


HARDENING  AND  TEMPERING  STEEL 

While  there  have  been  many  articles  published  regarding  the  hard- 
ening and  tempering  of  steel  and  Ilie  furnaces  used,  there  is  but  little 
detailed  information  available  regarding  the  batbs  used  (or  these  oper- 
ations. The  time  has  long  since  passed  when  each  hardener  had  his 
own  carefully  guarded  secrets  regarding  the  composition  of  quenching 
batbs.  On  the  other  hand,  the  time  haa  also  passed  when  it  was  a  oon- 
mon  belief  that  to  harden  a  piece  of  steel  it  was  only  necessary  to  cool 
it  off  more  or  less  rapidly  in  almost  any  kind  of  cooling  medium;  It 
has  been  found  that  the  cooling  mediums  for  hardening  and  the  heat- 
ing mediums  or  baths  for  tempering  do.  after  ail.  play  quite  an  im- 
portant part  both  as  regards  economy  and  the.  efficiency  of  the  tools 
treated.  It  is  the  intention  in  this  article  to  outline  the  methods  which 
have  proved  most  successful,  and  to  give  the  compositions  of  baths 
which  from  long  experience  in  connection  with  hardening  operations 
have  proved  to  give  the  best  all  around  results  and  to  be  the  most 
economical ;  in  many  cases  they  have  not  been  the  cheapest  in  Initial 
cost,  but  nevertheless  are  most  economical  because  of  the  better  results 
obtained  with  the  tools  treated  and  the  greater  length  of  time  that 
the  batbs  could  be  used  before  deteriorating.  A  description  of  such 
recepiacles — cooling  tanks  and  tempering  furnaces — for  the  treatment 
of  steel  as  have  proved  to  be  the  best  for  all  around  purposes  has  also 
been  included. 

For  the  sake  of  convenience  the  subject  to  be  treated  will  be  divided 
Into  four  distinct  parts  aB  follows:  (I)  Baths  used  for  cooling 
(quenching).  (2(  Baths  used  for  tempering  (drawing  the  temper  after 
hardening).  (3)  Some  tests  and  analysis  of  baths  referred  to  under 
(1)  and  (2).  (4)  Receptacles  and  furnaces  used  in  quenching  and 
tempering. 

Characteristics  of  Quenching  Batba 

No  matter  what  the  composition  of  a  quenching  bath,  to  Insure  uni- 
form hardening  the  temperature  of  the  bath  must  be  kept  constant,  so 
that  successive  pieces  of  steel  or  tools  quenched  will  be  acted  upon 
by  baths  of  the  same  heat.  The  necessity  of  a  uniform  temperature 
for  a  quenching  bath  will  be  readily  understood  by  reference  to  ordin- 
ary water  for  a  cooling  bath;  everyone  having  any  knowledge  of  the 
subject  knows  that  a  tool  quenched  in  such  a  bath  at  room  temperature 
will  come  out  much  harder  than  if  quenched  when  the  water  is  at  the 
boiling  point.  In  fact,  it  is  well  known  that  one  way  of  partially  an- 
nealing steel  is  by  plunging  it  at  a  red  heat  into  hot  water.  The  same 
difference  in  hardness  will  result  when  using  any  quenching  bath  at 
different  temperatures,  and  hence  no  actual  and  dependable  data  can 
be  obtained  unless  means  are  taken  for  keeping  these  baths  at  a  uni- 
form heat. 
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When  using  quenching  baths  of  different  composition  the  tools 
quenched  will  vary  in  hardness.  This  is  due  mainly  to  the  difference 
in  heat-dissipating  power  of  the  different  baths.  Thus  a  tool  hardened 
at  the  same  temperature  in  water  and  brine  will  come  out  harder  when 
quenched  in  brine;  the  greater  the  conductivity  of  the  bath  the  quicker 
the  cooling.  The  general  opinion,  today,  is  that  the  composition  of  a 
quenching  bath  is  of  small  importance  as  long  as  the  bath  cools  the 
pieces  rapidly.  Those  who  have  made  a  study  of  the  subject  have  found 
different  opinions  regarding  the  same  quenching  bath  by  different  users, 
and  a  good  many  quenching  fluids  have  been  condemned  owing  to  im- 
proper heating  and  in  many  cases  to  improperly  built  furnaces..  As 
an  example  may  be  cited  an  oven  furnace  with  which  the  user  once 
had  trouble.  Owing  to  faulty  construction  of  this  furnace,  more  air 
was  let  into  the  heating  chamber  of  the  furnace  than  could  be  taken 
care  of  by  the  fuel  oil;  after  having  condemned  first  the  steel  and 
then  the  quenching  bath,  and  then  trying  one  quenching  bath  after  an- 
other with  the  same  results,  it  was  suggested  that  the  "heating"  did 
not  look  just  right,  and  an  expert  was  called  in  to  find  out  what  the 
trouble  was.  After  much  experimenting  with  the  burners  and  the 
furnace  itself  good  results  were  finally  obtained.  The  difficulty  seemed 
to  be  that  the  oxygen  of  the  air  attacked  the  steel  and  formed  oxide 
of  iron  on  the  surface  of  the  tools,  which  consequently  had  a  soft  scale 
on  the  outside. 

Those  who  are  skeptical  as  to  there  being  any  difference  in  the  effect 
on  steel  of  cooling  baths  of  different  composition  will  readily  admit  that 
it  is  advantageous  to  use  baths  free  from  oxygen  and  from  ingredients 
that  tend  to  oxidize.  Quenching  baths  should  be  uniform;  good  tool 
steels  of  high  carbon  are  very  sensitive  to  differences  in  both  water 
and  oils.  Water  for  hardening  tool  steel  should  be  soft;  entirely  dif- 
ferent and  very  unsatisfactory  results  will  be  obtained  when  using  hard 
water.  While  different  quenching  oils  show  less  difference  in  the  re- 
sults obtained,  vegetable  and  animal  oils  will  give  somewhat  different 
degrees  of  hardness  depending  upon  the  sources  from  which  they  are 
obtained.  One  cannot  be  too  careful  in  the  selection  of  water,  as  it  is 
likely  to  contain  many  impurities.  If  it  contains  greasy  matters,  it 
may  not  harden  steel  at  all,  whereas  if  it  contains  certain  acids,  it  -will 
be  likely  to  make  the  tools  quenched  in  it  brittle  and  even  crack  them. 

List  of  Quenching*  Baths 

(1)  Water — soft — preferably  distilled;  good  tool  steel  should  require 
no  mixture  added  to  pure  water.  (2)  Salt  added  to  water;  will  pro- 
duce a  harder  "scale"  than  if  quenched  in  plain  water.  (3)  Sea  (salt) 
water — the  keenest  natural  water  for  hardening.  (4)  Water  as  under 
(1),  containing  soap.  (5)  Sweet  milk.*  (6)  Mercury.*  (7)  Car- 
bonate of  lime.*  (8)  Wax.*  (9)  Tallow.*  (10)  Air— mostly  used 
for  high-speed  steel;  mere  exposure,  however,  is  in  many  cases  and  on 
many  steels  not  sufficient  to  produce  hardness  and  an  air  blast  is 
necessary,  as  this  furnishes  cool  air  in  rapid  motion.     (11)  Oils  such 


•  Generally  used  for  special  purposes  only. 
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as  cottonseed,  linseed,  whale,  fish,  lard,  lard  and  paraffine  mixed,  special 
quenching  oils,  etc. 

The  following  list  of  oils  and  names  of  firms  supplying  them  is  given 
for  the  sake  of  convenience.  The  firms  mentioned  are  reliable  and 
their  oils  have  been  thoroughly  tried  out  in  comparison  with  other 
makes  and  have  proved  to  be  superior;  opinions  may,  of  course,  differ 
in  this  respect  and  no  doubt  there  are  many  oils  that  have  not  been 
tried  that  may  be  as  good. 

Cottonseed  oil — Union  Oil  Co.,  Providence,  R.  I.;  Underhay  Oil  Co., 
Boston,  Mass. 

Linseed  oil — Spencer  Kellogg  &  Sons,  Inc.,  Buffalo,  N.  Y. 

Whale  oil — no  difference  found  between  two  different  kinds. 

Fish  oil — only  one  kind  tried. 

Lard  oil— W.  B.  Bleecker,  Albany,  N.  Y. ;  E.  P.  Houghton  &  Co.,  Pitts- 
burg, Pa. 

Paraffine  oil — Underhay  Oil  Co.,  Boston,  Mass. 

Special  quenching  oil — E.  F.  Houghton  &  Co.,  Pittsburg,  Pa.  Very 
good  and  cheap.  While  this  may  possibly  deteriorate  somewhat  faster 
than  some  of  the  others  mentioned  it  will  prove  very  economical. 

The  order  of  the  intensity  with  which  various  cooling  baths  will 
harden  steel  of  about  0.90  to  1.00  per  cent  carbon  is  as  follows:  Mer- 
cury, carbonate  of  lime,  pure  water,  water  containing  soap,  sweet  milk, 
different  kinds  of  oils,  tallow  and  wax.  In  all  cases,  except  possibly 
the  oils,  tallow  and  wax,  it  must  be  remembered  that  the  tools  become 
harder  as  the  temperature  of  the  bath  becomes  lower. 

Baths  used  for  Tempering" 

The  object  of  tempering  is  to  reduce  the  hardness  and  to  remove 
Internal  strains  caused  by  sudden  cooling  in  quenching.  The  com- 
position of  a  tempering  bath  is  of  little  importance  compared  with  that 
of  a  quenching  bath  when  considering  the  effect  upon  the  pieces  treated. 
Aside  from  the  operator's  convenience  and  possible  bad  effects  upon  his 
health,  the  different  baths  used  for  this  operation  must  be  considered 
with  regard  to  initial  cost,  lasting  quality,  effects  on  finish,  etc. 

While  oil  is  the  most  widely  used  medium  for  tempering  tools  in 
quantities,  other  means  and  methods  are  employed,  especially  by  those 
who  have  tools  in  small  quantities  to  temper,  when  the  expense  of  in- 
stalling and  running  an  oil  tempering  furnace  would  not  be  war- 
ranted. Of  these  methods  we  first  find  the  one  used  by  the  old-style 
tool  hardener  of  only  partly  cooling  the  tool  when  quenching  it,  then 
quickly  withdrawing  it,  polishing  off  the  working  surface,  and  then 
letting  the  heat  which  remains  in  the  tool  produce  the  required  temper 
as  judged  by  the  color.  If  the  tool  has  a  shank,  it  is  good  practice  to 
heat  part  of  the  shank  also  and  quench  the  working  part  of  the  tool 
only,  in  which  case  this  part  can  be  cooled  off  thoroughly;  the  heat 
remaining  in  the  body  or  shank  of  the  tool  will  do  the  tempering, 
which  also  in  this  case  must  be  judged  by  the  color. 

The  sand  bath  is  another  frequently  used  medium  for  tempering,  the 
sand  being  deposited  on  an  iron  plate  and  heated;  by  the  use  of  this 
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method  a  piece  to  be  tempered  can  be  given  different  tempers  through- 
out its  length,  as,  for  example,  rivet  hole  punches;  these  are  placed  end- 
wise— bottom  down — in  the  sand  about  two-thirds  projecting  outside  the 
sand  into  the  air  (see  Fig.  7).  It  is  readily  seen  that  the  nearer  the 
bottom  of  the  sand  bath,  the  higher  the  heat,  and  the  punch  so  placed, 
when  tempered  right,  will  have  the  bottom  soft — a  deep  dark  blue — ths 
neck  a  very  dark  straw,  and  the  working  part  of  the  punch  on  top  a 
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Fig.   7.    Arrangement  used   for  Sand   Tempering 

light  straw  color;  thus  there  is  a  gradual  increase  in  hardness  from 
the  bottom  up.  Pieces  so  drawn  must  previously  have  been  polished, 
and  the  temper  is  judged  by  the  color.  When  the  pieces  have  attained 
the  right  color  they  are,  of  course,  cooled  off,  generally  in  water  or  oiL 
A  plate  without  sand  similarly  heated  can  also  be  used,  but  it  is  not 
as  satisfactory. 

A  plate  arranged  as  shown  in  Fig.  8  will  be  found  very  convenient 
when  drawing  small,  round  pieces.     The  pieces  are  rolled  on  the  in- 
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Fig.  8.    Tempering  Arrangement  utilising  an  Inolined  Plate  CB 

which  the   Objects  roll  down 

clined  plate  which  is  heated  as  indicated.  The  length  of  time  the  work 
is  in  contact  with  the  plate  can  be  regulated  by  adjusting  the  amount 
of  the  incline,  as  well  as  the  location  of  the  "stop."  This  arrangement 
can  also  be  used  for  such  work  as  punches,  etc.,  in  which  case  the  plate, 
of  course,  should  stand  level  and  not  in  an  inclined  position. 

Another  frequently  used  tempering  medium  is  hot  air,  the  temper 
in  this  case  also  being  judged  by  the  color.  For  this  method  of  tem- 
pering special  furnaces  should  be  employed  in  order  to  get  uniform 
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suits.  This  method  is  used  more  especially  for  small  and  light  work 
in  quantities  and  where  the  color  has  to  be  bright  and  clear.  While 
all  of  these  methods  have  the  advantage  of  enabling  one  to  actually  see 
the  temper  given  to  tools  treated,  the  oil  tempering  bath  is  the  one 
mostly  used  owing  to  its  economy. 

The  two  main  points  to  be  considered  when  using  an  oil  tempering 
furnace  are:  first,  to  have  the  heat  uniform  throughout  (not  hotter 
where  the  burners  or  flames  are  in  contact  with  the  walls  of  the  fur- 
nace) ;  and  second,  to  leave  the  pieces  to  be  tempered  in  the  oil  long 
enough  to  have  attained  the  heat  of  the  oil  throughout  when  taken  out 
The  first  point  can  be  taken  care  of,  as  far  as  possible,  by  proper  con- 
struction of  the  furnace;  the  second  can  best  be  taken  care  of  by  im- 
mersing the  pieces  to  be  tempered  in  the  oil  before  starting  to  heat, 
and  letting  the  pieces  remain  in  the  oil  and  be  heated  with  it  to  the 
temperature  required.  In  such  a  case,  one  should,  of  course,  have  more 
than  one  furnace,  or  else  after  each  operation  take  the  hot  oil  out 
and  refill  the  tank  with  cold.  The  method  described  is  very  much  bet- 
ter than  the  one  frequently  used  of  immersing  the  pieces  in  a  bath 
which  already  has  the  required  temperature  and  then  letting  them  re- 
main long  enough  to  attain  the  heat  of  the  bath  throughout,  as  a  fur- 
nace yet  has  to  be  designed  which  will  maintain  a  uniform  heat  for 
even  as  short  a  time  as  is  required  for  this  operation.  Furthermore, 
it  is  not  necessary  that  a  piece  to  be  tempered  be  held  in  the  bath  a 
certain  length  of  time  at  the  required  temperature ;  the  temperature  de- 
sired need  only  be  maintained  long  enough  to  insure  that  the  piece 
has  been  evenly  heated  throughout. 

When  tempering  to  high  heats,  or,  rather,  when  tempering  to  higher 
heats  than  the  flash  point  of  any  tempering  oils  (650  to  700  degrees 
F.*)  some  other  tempering  fluid  than  oil  must  be  used.  Lead  is  tho 
one  usually  employed.  As  it  is  impossible  when  using  lead  to  let  tho 
pieces  to  be  tempered  be  heated  up  with  the  lead,  they  must  be  im- 
mersed at  the  predetermined  temperature  and  kept  there  until  heated 
evenly  throughout  to  the  same  temperature  as  the  lead.  It  is  claimed 
by  many  that  it  is  easier  to  maintain  a  uniform  heat  in  a  lead  bath 
than  in  an  oil  bath,  but  it  has  been  found  that,  owing  to  the  lead  not 
circulating  as  readily,  the  temperature  may  vary  considerably  In  dif- 
ferent parts  of  the  bath,  and  hence  it  is  not  very  reliable. 

Salt  is  another  medium  frequently  employed  for  tempering  heats  be- 
tween 575  and  875  degrees  F.  Salt  fuses  at  575  degrees  F.,  but  when 
immersing  the  pieces  to  be  tempered  the  salt  will  immediately  solidify 
around  the  cold  pieces.  When  these  are  heated  to  575  degrees,  the 
salt  will  melt  and  the  pieces  should  be  withdrawn.  This  is  not  reliable, 
however,  as  the  pieces,  especially  if  large,  will  not  have  had  time  to 
be  heated  through  before  the  salt  melts.  If  a  higher  temper  is  re- 
quired, it  is,  of  course,  only  necessary  to  let  the  pieces  remain  in  the 
bath  and  get  the  readings  of  the  heat  from  a  pyrometer.     In  all  these 


•  There  are  tempering  oil*  °n  the  market  claimed  to  have  a  flash  test  Of  750 
degree*,  but  It  Ih  doubtful  if  they  ever  have  been  found  to  stand  this  test.  lli*u\ 3' 
black  cylinder  oil  has  been  found  to  stand  a  Hash   test  of  725  degrees. 
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18.5 


460 
470 


200 


550 

560 


The  oils  lor  tempering  baths  specified  below  are  given  for  the  sake 
of  convenience  only;  the  statements  are  based  upon  the  findings  of 
thorough  experiments.  There  may,  of  coarse,  be  many  other  oils  just 
as  good  that  have  not  been  tried. 
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(1)  Walter  A.  Wood.  Boston,  Mara..  XXX  tempering  oil;  ak  i-h't'v 
In  Initial  expense  as  any;  good  lasting  rjuatltlt-s. 

(2)  Frankfort  tempering  oil.  Strong,  Carlisle  &  Hammond  i'u.,  On- 
land,  Ohio. 

(3)  Fish  oil,  cottonseed  or  linseed  oil  may  aln<>  !>•■  un-d;   in  ninny 
cases  these  are  mixed  with  high  fire  and  flash  fr-st  in  tin  mllio-d  nils 

Tests  and  Analysis 
The  analysis  and  test  results  of  oils  wh«i  n™   (not  iihmIi  nn  mm- 
pared  with  those  of  oils  which  have  been  used  such  a  length  of  tlin>< 
as  to  render  them  practically  valueless  will  br  found  InN-mitlng, 


Flash   point    550  473  400  380 

Fire   test    625  550  475  450 

Mineral  oil,  per  cent 94  30  25  10 

Saponlfiable  oil,  per  cent 6  TO  75  00 

Specific   gravity    0  020  0.950  0.912  0.925 

Houghton  tempering;  oil:   flash  point,  595  dpgrces;  fire  test.  685  de- 
grees; specific  gravity,  0.900. 
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Frankfort  tempering  oil:   fire  test.  670  degrees. 

Frankfort  quenching  oil:   Are  test,  600  degrees. 

Parafflne  oil   (Underhay):    fire  test,  450;   specific  gravity,  0.912. 

Lard  oil   (Bleecker):  Are  test,  ;  specific  gravity,  0.920. 

The  great  difference  in  tests  and  analysis  between  new  and  used 
oils  should  be  noted;  oils  used  constantly  at  high  heats  will  gradu- 
ally lose  tbe  "mineral"  part  of  the  oil,  the  more  so  the  higher  the  heat 
used.    A  tempering  bath  can  therefore  be  prolonged  In  life  by  adding 


Fig.  13.     Ordinary 


'tK"° 


Tlw.    14.     0!l-qn«aahlnt  Tank   with 


ud  Stum  Colli 

the  life  of  the  bath 


to  it  now  and  then  new  mineral  oil.    To  lengthen 
high  heats  should  be  avoided  as  much  as  possible. 

Receptacles  and  Furnaces  used  In  Quenching  and  Tempering 
The  main  point  to  be  considered  In  a  quenching  bath  is,  as  men- 
tioned, to  keep  it  at  a  uniform  temperature  so  that  successive  pieces 
quenched  will  be  subjected  to  the  same  heat.  The  next  consideration 
is  to  keep  tbe  bath  agitated,  so  that  it  will  not  be  of  different  tem- 
peratures in  different  places;  if  thoroughly  agitated  and  kept  in  mo- 
tion, as  is  the  case  with  the  bath  shown  in  Fig.  9,  it  is  not  even  neces- 
sary to  keep  the  pieces  in  motion  In  the  bath,  as  steam  will  not  be 
likely  to  form  around  the  pieces  quenched.     Experience  has  proved 


HARDENING    ANT    TEX&flBTKx: 


thai  if  a  piece  if  held  ami  iz.  a 
out  much  amiiEhter  tfaaii  it  it  nat- 
tated  bath     Thit  it  am  xmportan 
ening  long  pieces.     It  it.  twwiriw    m 
long  pieces  is  motion  unles*  ii  a*-  nan* 

In   Fig.   f)  If  shown  a  water  or 
Water  it  forced  by  a  pump  or  other 
into  the  intermediate  apace  betw 
the  intermediate  apace  it  v  torn 
at  indicated.     The  water  return*  ti 
from  the  inner  tank  into  the  oner 


2"  wU.  jvm«r 

Ir  *iwt  litrz 
«■  v   r~«n  *»«.-?  *J*i 
D5  nt*auau<ai   h***oj& 

lax*    lor    ta»*tc:rju£    iarfe, 
mrnopt  U?*  *u^5..7   yvjv- 
ma?  ani  ilwt  zu.l     Frvc? 
the  note?  ait  tlrviygl  **S** 


H».    U.    OrdimaiT   Typ«    of    Tampering    fuma... 


V»tr<fcfH»t  |f 


flow  pipe  aa  Indicated.     In  Fig.   10  |H  H|i.»wn  .molh-r   w„i,„.  ,„    ,,. 
tank  of  a  more  common  type.     In  tlilx  r.W(.  ti„.  wttU,,   ,„    ,„,,     "" 
pumped  from  the  storage  tank  and  contlnuonnly   r.inM„,i   („  „" 
the  storage  tank  contains  a  largo  volume  „r  wm«r.  I (,.,,.,  ,„  „„  ,      . 
of  a  special  means  for  cooling.     (>t„„rw.„,  arra.,«.  ,„.,,,.   , t"'i' 

If?,      T^       Water  aft°r  ll  ,m"  ,"""""  """"«'•  '»"   ►      1 1- 

bath  is  agitated  by  the  force  with  w„.,„  ,„..  w,„.,  „„ ', 

The  holes  at  A  are  drilled  on  an  »„Kl.,  , ,„  „„„„'  „„  "j[\ 

oward  the  center  of  the  Unk.    In  Klg    II  i„  .,„,*,,  „,,  „„      , ,„,, 
tank  in  which  water  I.  clrc.lat.-n  In  »r,  „„i,r  Mtrm,m\J  JukZ 
keeping  the  oil  bath  cool.    Air  I,  fW-,d  l„i„  »,..  oU  S  '. 

agitated. 

Pig.  12  shows  a  water  and  oil  tank  "imh\uv(\     rb* 
by  a  coil  passing  through  It  In  whl< ),  wHU<r  U  «Jr**j 
passes  into  the  water  Unk     The  w»t*r  *u<\  oil  fealfr 
agitated. 
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Pig.  13  shows  the  ordinary  type  of  quenching  tank  cooled  by  water, 
forced  through  a  coll  of  pipe.  This  can  be  used  for  either  oil,  water 
or  brine.  Fig.  14  shows  a  similar  type  of  quenching  tank,  but  with 
two  coils  of  pipe.  Water  flows  through  one  of  these  and  steam 
through  the  other.  By  this 
means  it  Is  possible  to  keep 
the  bath  at  a  constant  tem- 
perature. 

In  tempering  furnaces  the 
only  really  Important  con- 
sideration Is  to  Insure  that 
the  furnace  Is  so  built  as  to 
heat  the  bath  uniformly 
throughout.  It  Is  doubtful  If 
there  can  be  found  a  temper- 
ing furnace  on  the  market 
that  will  fill  this  requirement 
entirely,  although  many  give 
good  results  In  general.  It  Is 
never  safe,  however,  to  let  any 
tools  being  tempered  rest 
against  the  bottom  or  sides  of 
the  tank,  as  no  matter  how 
scientifically  the  furnace  may 
be  built  these  parts  are.  In 
most  cases,  hotter  than  the 
fluid  itself.  It  is,  of  conns, 
just  as  Important  not  to  let 
the  thermometer  rest  against 
any  of  these  parts  In  order  to 
Insure  correct  readings.  After 
the  pieces  tempered  are  taken 
out  of  the  oil  bath,  they 
should  immediately  be  dipped 
In  a  tank  of  caustic  soda  (not 
registering  over  8  or  9),  and 
i^tad'«it£kM1M  after  that  In  a  tank  of  not 

water.     This  will  remove  all  oil  which  might  adhere  to  the  tools. 

Fig.  15  shows  an  ordinary  type  of  tempering  furnace.  In  this  the 
Hume  does  not  strike  the  walls  of  the  tank  directly.  The  tools  to  be 
tempered  arc  laid  in  a  basket  which  is  immersed  In  the  oil.  In  Pig 
11  Is  shown  a  tempering  furnace  In  which  means  are  provided  for 
preventing  the  tools  to  be  tempered  from  coming  In  contact  wltt 
the  walls  or  bottom  of  the  furnace  proper.  The  basket  holding  tbt 
tools  Is  Immersed  In  the  Inner  perforated  oil  tank.  This  name  ar- 
rangement can,  of  course,  be  applied  to  the  furnace  shown  In  Fig.  IS. 


Tig.  IS.    8p*ci»l  Twtipvini  Forsu*  with 
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CHAPTER    I 


NICKEL  STEEL 

Nickel  steel  is  used  to  a  large  extent  in  the  construction  of  high- 
grade  machinery,  and  can  be  purchased  in  the  open  market  in  almost 
any  percentages  of  nickel  up  to  35  per  cent,  and  with  the  carbon 
component  varying  between  0.10  and  1.00  per  cent  Nickel  was  added 
to  carbon  steel  as  the  result  of  investigations  which  were  started  for 
the  purpose  of  overcoming  the  "sudden  rupture"  that  is  inherent  in 
all  carbon  steel.  This  property  or  tendency  of  carbon  steel  to  rupture 
Is  the  subject  of  numerous  investigations  by  the  railroads  of  the 
country  at  the  present  time,  owing  to  the  many  accidents  that  have 
occurred  in  the  past  few  years  due  to  broken  rails.  Nickel  added  to 
steel  largely  overcomes  this  tendency,  and  nickel  steel  is  used  suc- 
cessfully for  parts  of  machinery  that  have  to  withstand  severe 
shocks  and  torsion,  such  as  the  crankshafts  and  connecting-rods  of 
internal  combustion  engines,  propeller  shafts,  automobile  axles,  and 
other  parts  of  a  similar  nature  which  have  to  withstand  similar 
strains  and  stresses. 

If  nickel  is  added  to  steel  in  any  percentage  not  exceeding  8  per 
cent,  the  tensile  strength  and  the  elastic  limit  of  the  steel  will  in- 
crease with  the  percentage  of  nickel.  If  the  percentage  of  nickel  is 
above  8  per  cent,  but  less  than  15  per  cent,  its  effect  on  the  steel  be- 
comes, for  some  reason,  entirely  neutralized  and  brittleness  is  pro- 
duced. If  the  nickel  percentage,  however,  is  above  15  per  cent,  then 
the  strength  and  elasticity  become  practically  equal  to  that  of  the 
nickel  steels  with  percentages  of  nickel  less  than  8  per  cent.  If  the 
nickel  percentage  is  increased  above  20  per  cent,  .the  strength  and 
elastic  limit  gradually  decrease,  but  the  elongation  increases. 

The  elongation  shows  a  slight  rise  until  about  3  per  cent  of  nickel 
is  added  to  the  steel,  and  after  that  it  shows  a  rapid  decrease,  until 
the  zone  of  brittleness  is  reached,  when  it  becomes  nil.  With  from 
20  to  25  per  cent  nickel,  the  elongation  again  rapidly  rises,  and  from 
that  point  to  100  per  cent  it  shows  a  slight  increase.  The  best  results, 
therefore,  in  steels  that  are  used  for  machine  parts  are  obtained  with 
a  nickel  content  of  3%  per  cent,  although  for  Home  purposes  5  per 
cent  nickel  steel  is  used  at  a  sacrifice  of  the  elongation. 

Beneficial  Effects  of  Nickel  In  Heat  Treatment 

The  qualities  of  carbon  steel  are  nuHeeptlble  of  change  by  heat- 
treatment  the  same  as  are  those  of  alloy  y\*-*-W.,  but  the  higher  the 
carbon  content  is  the  more  likely  in  th<-  s-.tw-i  to  burn  and  thereby 
reduce  its  strength,  and  it  is  extremely  dlnVult  to  ca;.f?harderi  steels 
which  contain  more  carbon  than  does  mild  nteH  without  deAtraytai 
their  good  qualities  and   strength?.      Hy    Ui«:   vkVYWVou  %A  u\tilu& 
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tendency  to  burn  is  largely  overcome,  and  the  susceptibility  to  heat- 
treatment  is  remarkable.  This  is  best  illustrated  by  Table  I  in  which 
a  nickel  steel  was  given  different  degrees  of  hardness.  Its  composi- 
tion was  as  follows:  Nickel,  3  per  cent;  carbon,  0.30  per  cent;  man- 
ganese, 0.40  per  cent;  phosphorus,  0.05  per  cent;  sulphur,  0.04  per 
cent. 

A  good  quality,  open-hearth,  0.30  per  cent  carbon  steel,  as  received 
from  the  mill  in  the  untreated  state,  shows  the  same  strength  as  the 
untreated  nickel  steel  in  Table  I,  but  it  cannot  be  raised  to  much 
more  than  one-half  of  the  strength  of  the  nickel  steel  in  its  hardest 
state,  and  even  then  it  is  much  more  liable  to  fracture  under  shock 
tests. 

Nickel   increases  the  ability  of  steel   to  withstand  shock  stresses 

even  though  the  shape  be  intricate  and  lightened  with  holes.     When 

« 

TABLE  I.     STRENGTH  OF  NICKEL  STEEL  AT  DIFFERENT  DEGREES 

OF   HARDNESS 


Hardness 

Tensile 

Strength. 

Pounds  per 

Square  Inch 

Elastic 

Limit, 

Pounds  per 

Square  Inch 

Elongation 

in  2  Inches, 

PerCent 

Reduction 

of  Area, 

PerCent 

Annealed 

88,000 
180,000 
220,000 
225,000 

60,000 
180.000 
190,000 
225,600 

28 

20 

12 

8 

58 

6 

87 

19 

Machinery 

Hard 

Verv  hard 

properly  combined  with  carbon,  it  largely  removes  the  tendency  of 
crystallization,  and  the  steel  may  be  casehardened  without  fear  of 
the  core  being  brittle.  If  high  in  carbon,  however,  it  will  not  stand 
local  hardening,  but  may  be  hardened  in  oil  without  difficulty. 

What  the  Microscope  Reveals  in  Testing  Steels 

Steel  subjected  to  different  heat-treatments  shows  different  proper- 
ties when  examined  under  a  microscope,  and  microscopy  is,  therefore, 
becoming  one  of  the  methods  of  examining  and  testing  different 
steels.  If  we  take  a  piece  of  steel  containing  less  than  0.85  per  cent 
of  carbon,  polish  it,  attack  it  with  a  few  drops  of  picric  acid  and 
examine  it  under  a  microscope,  the  results  will  differ  according  to 
its  composition  and  the  treatment  it  has  undergone.  In  a  piece 
of  steel  that  has  been  cooled  slowly,  small  dark  masses  will  appear 
which  are  more  numerous  the  closer  the  carbon  is  to  0.85  per  cent 

Next,  heat  this  steel  to  1400  degrees  F.,  or  a  dull  red,  and  quench 
in  water,  then  polish,  attack  with  picric  acid,  examine  under  the 
microscope  as  before,  and  it  will  show  extremely  fine  lines  inter- 
secting each  other  in  the  direction  of  the  sides  of  an  equilateral 
triangle.  Therefore,  it  is  evident  that  by  annealing  or  heating  and 
quenching  this  steel  we  can  change  its  structure,  and  its  condition 
is  readily  determined  by  the  aid  of  a  powerful  microscope. 
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Other  molecular  changes  take  place  ia  heat-treating  steels  and 
some  of  these  are  governed  by  the  carbon  contents.  If  eertain  steels 
are  given  the  heat-treatments  just  described,  the  average  blacksmith 
would  try  them  with  a  file,  and  if  the  file  bites  as  well  as  It  did  before 
heat* treating,  he  would  throw  the  steel  out  as  not  hardened,  yet 
transformations  have  taken  place,  and  testa  would  show  that  the 
tensile  strength  and  elastic  limit  have  been  raised  while  the  elonga- 
tion and  reduction  of  area  are  reduced.  In  the  case  of  the  nickel 
steel  of  which  Table  I  shows  the  test,  these  transformations  have 
caused  a  variation  in  strength  from  88,000  pounds  to  225,000  pounds 
per  square  inch;  this  would  have  been  considered  Impossible  a  few 
years  ago. 


Tensile        EliMfe 

E]onira_ 

Strength.      Limit. 

Pound!       found. 

pt-rSq.In.  oer&l.In. 

i'erCent 

Quenched  at  1600' F 

1  225,000 

208.000 

4 

',>u. -lu-iifil  at  1800   F.,  tempered  at    800". 

215,000 

2D1.0O0 

fl 

Quenched  at  WOO1  F.,  tempered  at    800'. 

1H0.OO0 

IrVi.iXJ.! 

9 

Quenched  at  1800°  [■'  ,  tempered  at  lOoO". 

170.000 

145,000 

13 

Quenched  at  1800    F..  tempered  at  1200\ 

1  155,000 

1'J'i.uOO 

14 

Quenched  >tt  1000   F  .  tempered  at  1400°. 

135.000 

9H.0OO 

17 

Quenched  at  1600  F.,  tempered  at  1600*. 

.  im.'.ijn 

05,000 

24 

M-/ ■;, 

Thus  annealing,  hardening  and  tempering  steel  are  resorted  to 
for  raising  the  tensile  strength,  elastic  limit,  and  its  ability  to  with- 
stand shock  and  torsional  stresses,  as  well  as  to  put  a  fine  cutting 
edge  on  tool  steels. 

Need  for  Anneallna 

In  heat-treating  steels  for  strength,  and  especially  nickel  steel,  it 
should  always  be  remembered  that  hardening  by  quenching  produces 
inlernal  strains  which  can  only  be  removed  or  destroyed  by  temper- 
ing or  drawing  alter  quenching.  Thus  nickel  steel  cannot  be  used 
In  Its  hardest  slate,  in  which  it  has  the  highest  tensile  strength  and 
elastic  limit;  but  the  piece  must  be  tempered,  thereby  reducing  the 
strength  and  increasing  the  elongation  In  order  to  reduce  the  brittle- 
ness  as  well  as  the  Internal  strains  caused  by  hardening.  These 
internal  strains  may  also  be  caused  by  forging,  hammering  or  work- 
ing, and  the  best  results  will  be  obtained  if  the  steel  is  annealed  after 
each  Important  operation. 

Liability  of  Nickel  Steel  to  Warp.  Decarbonize  and  Crt 
Three   things   work    to   the    detriment   of   nickel    ate*' 
always  be  taken  into  consideration  when  hardeniu?;  \V. 
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always  warps  in  quenching;  second,  it  may  be  decarbonized  in  heat- 
ing; and  third,  fissures  and  cracks  might  occur  in  quenching.  There 
are  several  rules  which  can  be  followed  to  minimize  the  tendency  of 
steel  to  warp  in  quenching.  If  a  piece  is  cut  from  stock  that  has 
been  subjected  to  some  mechanical  treatment,  it  is  very  liable  to  be 
deformed  on  being  heated,  and  it  is  undeniable  that  of  the  deformations 
attributed  to  the  hardening  process,  a  large  part  are  due  to  the 
heating  which  precedes  quenching,  and  results  from  the  use  of  metal 
which  has  been  mechanically  worked.  To  overcome  this,  the  steel 
should  be  thoroughly  annealed  before  It  Is  machined  to  size,  so  that 
the  metal  will  be  in  a  state  of  repose. 

In  quenching,  the  piece  should  be  immersed  in  the  bath  in  the 
direction  of  its  principal  axis  of  symmetry,  so  that  the  liquid  can 
cover  the  greatest  possible  surface,  and  it  should  never  be  thrown 
into  the  bath.  Thus  a  shaft  should  be  immersed  vertically  and  a  gear 
wheel  perpendicular  to  its  plane.  The  piece  should  also  be  agitated 
in  the  bath  so  as  to  destroy  the  coating  of  vapor  which  usually  forms 
around  the  piece  and  prevents  its  cooling  rapidly. 

To  reduce  the  tendency  to  decarbonize,  it  is  necessary  to  provide 
against  oxidation;  therefore,  the  pieces  must  be  prevented  from 
coming  in  contact  with  the  gases.  This  can  be  done  by  placing  the 
pieces  in  a  protecting  retort,  or  by  using  a  metallic  heating  bath, 
such  as  lead. 

Fissures  or  cracks  which  occur  in  hardening  are  caused  by  the  dif- 
ferent parts  of  the  piece  cooling  unevenly,  thus  producing  Internal 
stresses  of  enormous  proportions.  These  fissures  may  be  prevented 
by  reducing  the  rate  of  cooling  in  three  different  ways.  One  method 
is  to  cover  water  with  oil  from  one  inch  to  one  inch  and  a  quarter  in 
depth.  The  second  is  to  cool  the  pieces  in  a  bath  of  a  comparatively 
limited  volume,  so  that  the  cooling  is  followed  by  a  slight  tempering, 
and  the  third  is  to  withdraw  the  piece  from  the  bath  before  It  Is  com- 
pletely cooled.  This  last  requires  considerable  skill,  if  uniform  re- 
sults are  to  be  obtained. 

Nickel  Steel  for  Gears 

Nickel  steel,  when  carbonized,  is  one  of  the  best  steels  on  the  market 
for  gears,  as  different  tests  have  shown  that  2  per  cent  of  nickel  added 
to  the  ordinary  carbonizing  steel  will  double,  and  in  some  cases  more 
than  double,  the  tensile  strength  after  carbonizing,  and  these  tests 
would  prove  that  nickel  steel  should  be  used  for  carbonizing  wherever 
the  difference  in  price  will  warrant  doing  so.  It  is  from  2  to  2^ 
cents  per  pound  higher  in  price  than  the  ordinary  carbonizing  steel, 
but  the  greater  safety  in  manufacturing,  and  a  consequent  decrease  in 
the  number  of  spoiled  pieces,  will  largely  balance  this  difference  in 
price. 

The  different  materials  used  in  carbonizing  have  different  effects  as 
to  the  penetration  of  the  carbon  and  the  time  required  for  a  certain 
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penetration;  but  a  general  rule  for  the  rate  of  penetration  at  different 
degrees  of  temperature  Is  as  follows,  the  time  being  eight  hours: 

DEPTH   OF  PENETRATION   OF  CARBONIZING  MATERIAL  AT 

DIFFERENT    TEMPERATURES 

1>ml»riltnr*.  !>c]>th  or  P^np-  TVnirxrntorc?.  Depth  Of  Pen*. 


1475 

0.0195 

1S00 

1565 

0.039 

1850 

1650 

0.0625 

1900 

1700 

0.080 

Thus  It  will  be  seen  that  a  rtse  In  temperature  of  150  degrees  doubles 
the  rate  of  penetration,  and  in  one  case  a  rise  of  90  degrees  has 
doubled  It 

With  the  temperature  held  stationary  at  1850  degrees  the  speed  of 
penetration  is  as  follows: 


Tim*. 


DtBtt    ..(  P. ■]!... 

In  Mod.  Inch 
0.000 
0.020 
0.310 
0.400 


Pit  Hi  of  Pm 

0.500 
O.SOO 
1.200 


The  steel  used  for  carbonizing  should  not  contain  over  0.20  per 
cent  of  carbon,  and  the  manganese  component  should  be  low,  as  this 
has  a  tendency  to  produce  crystallization  in  annealing,  and  cause 
brlttleness. 

The  carbonizing  material  used  should  be  of  a  definite  composition 
which  does  not  act  abruptly,  such  as  60  per  cent  powdered  charcoal 
and  40  per  cent  carbonate  of  barium.  Two  rules  might  be  followed  In 
treating:  one  is  to  carbonize  at  1600  degrees  F.,  coo!  to  1400  degrees, 
and  quench;  and  the  other  is  to  carbonize  at  1850  degrees,  quench  at 
1650  degrees,  reheat,  and  quench  a  second  time  at  1400  degreeB  F. 

Nickel  steel  is  not  as  high  a  grade  of  steel  as  nickel-chrome  steel 
or  the  newer  vanadium  steel,  but  it  standB  a  good  second  to  these  at 
about  twO'tbirds  the  price,  and  Is  so  much  more  easily  machined  and 
forged  than  nickel-chrome  steel  that  it  is  often  used  In  preference  to 
the  higher  grades. 

Cnro  Required  In  Forging  and  Working 
In  forging,  great  care  must  be  taken  to  keep  this  steel  at  a  high 
full  forging  heat  and  never  hammer  or  roll  it  below  this  temperature, 
as  cracks  are  then  liable  to  appear.  A  great  deal  Is  said  among  the 
users  of  nickel  steel  about  Its  cracking  badly  and  being  defective,  and 
If  defects  occur  in  the  bloom,  they  will  almost  always  show  up  some- 
where in  the  finished  product,  but  if  the  steel  is  properly  rolled  and 
forged  these  defects  and  cracks  will  not  appear.  Where  carbon  steel 
i  been  used  for  automobile  axles  and  given  way  from  fatigue, 
crystallization  or  other  causes.  h«  I  steel   lias  been  sub- 

stituted, and  has  given  perfect 
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Proportion  of  Carbon 
Frequently  It  la  stated  in  advertisements  and  elsewhere  that  a  t 
per  cent  nickel  steel  Is  used  for  various  parts  of  a  machine,  bat  this 
means  nothing  by  Itself,  as  the  properties  of  the  steel  depend  as 
much  upon  the  carbon  content  as  on  the  nickel.  To  Illustrate,  one 
nickel  steel  that  is  largely  used,  and  Is  the  best  for  certain  purposes, 
contains  2  per  cent  nickel  and  0.12  per  cent  carbon.     It  has  a  high 


P_C,.,       Tensile       EImUc    1  Eionn- 
„f         iStreriBCh,      Limit.         Mod  in 

Nickel      1    Pounds   1    Pounds      4.12  loi . 

ncr  S<|.  in.  perSq.ln.    PerCent 

1    to  li  :     78,000 

48,000 

18 

Water  tempered  at  1850°  F. 

Si  to  81 

ur.ooo 

82,500 

15 

Medium  hard 

Si  to  81 

80.000 

(iS.OlJO 

20 

Medium  soft 

SitoSi 

85,000 

61.1, 000 

23  to  13 

Medium  hard,  structural 

2it«3| 

71.000 

00,000 

28  to  16 

Medium  soft,  structural 

4i  to  6 

108,000 

74.0(H) 

15 

Hard,  for  slreouou3  work 

4ito6 

12L.0O0 

107,000 

12 

Hard,  but  anuealed  at  1600'  F. 

*|tofl 

88.000 

63,0u0 

30 

Medium  hard 

letoiH 

109,000 

114,000 

6 

Annealed  at  1650° 

22  to  20 

110,000 

4.5,000 

40 

Annenled  at  1650° 

2'J  til  20 

114,000 

50,1(11..) 

35 

Annealed  at  1650" 

80 

80,000 

28,000 

44 

Annealed  at  1050° 

ItacMirurrtl 

tensile  strength  and  very  little  elongation,  while  another  nickel  steel, 
equally  good  for  Other  purposes,  contains  2  per  cent  nickel  and  0.9 
per  cent  carbon,  and  has  a  high  tensile  strength  with  a  great 
elongation. 

Table  III  shows  the  different  percentages  ot  nickel  In  steel  made 
by  one  firm,  and  the  strength  due  to  different  treatments.  These  steels 
have  a  carbon  content  ranging  from  0.10  to  1.00  per  cent  Those  with 
the  highest  percentages  of  nickel  are  used  mostly  for  valves,  owing 
to  their  heat-resisting  powers,  combined  with  a  great  strength.  Some- 
times from  1  to  3  per  cent  of  chromium  Is  added  to  these  valve  metals 
to  Increase  the  elastic  limit. 


CHAPTER    II 


NICKEL-CHROMIUM  STEEL 

Of  the  many  higher  grades  of  steel  which  have  been  brought  out  in 
the  past  few  years,  nickel -chromium  steel  has,  by  both  laboratory  and 
practical  tests,  been  placed  tn  the  front  rank  as  the  highest  grade  of 
steel  manufactured,  and  it  is  used  on  all  classes  of  high-grade  ma- 
chinery that  require  a  steel  of  high  tensile  strength,  high  elastic  limit, 
and  a  great  resistance  to  shock  and  torsional  stresses.  It  is  one  of 
the  latest  products  of  the  steel  maker.  Ten  or  fifteen  years  ago  this 
alloy  of  steel  was  comparatively  little  known,  and  It  was  a  boast  of 
the  Germans  "that  the  entire  steel  trust  of  the  United  States  could 
nut  duplicate  a  Mercedes  front  axle."  In  the  last  few  years  that  boast, 
however,  has  ceased  to  he  true.  To-day  this  alloy  Is  being  produced  by 
a  number  of  American  steel  makers  at  a  price  much  below  that  which 
the  Krupp  works  obtained  for  its  highest  grade  of  steel.  Nickel- 
chromium  steel  is  made  in  many  different  compositions,  some  of  which 
are  high  in  tensile  strength,  some  in  elastic  limit,  and  others  having 
different  Qualities,  demanded  by  the  different  uses  to  which  they  are 
to  be  put 

The  Effect  of  Chromium 

Chromium  added  to  steel  in  amounts  up  to  5  per  cent  Increases  the 
tensile  strength  and  resistance  to  shocks,  and  diminishes  the  elonga- 
tion, while  further  additions  lower  the  tensile  strength.  The  elastic 
limit,  in  pieces  not  annealed,  is  raised  at  first,  and  afterward  lowered. 
Chromium  resembles  carbon  In  its  influence  on  the  hardening  quali- 
ties of  steel.  It  refines  the  grain  remarkably,  owing  to  its  tendency 
to  prevent  the  development  of  a  crystalline  structure.  Added  to  nickel 
steel,  it  overcomes  the  tendency  of  lamination  and  increases  the  elastic 
limit  to  figures  that  were  impossible  before  it  was  brought  into  use. 
When  nickel-chromium  steel  is  given  proper  heat- treatment,  it  prac- 
tically shows  no  grain  or  fiber,  thus  possessing  a  high  power  of  resist- 
ance to  shock.  This  alloy  also  strongly  resists  the  propagation  of  cracks 
which  may  be  produced  by  sudden  Btralns.  Chromium  intensifies  the 
sensitiveness  of  the  steel  to  the  quenching  process,  and  the  resistance 
to  fracture  is  higher  than  in  carbon  steel  of  the  same  degree  of  hard- 
ness; for  this  reason  extreme  hardness  may  be  obtained..  Two  per 
cent  or  mora  of  chromium  addi^d  to  steel  makes  It  very  difficult  to  cut 
cold,  although  a  special  tool  steel  Is  made  which  overcomes  this  dif- 
ficulty to  a  large  degree.  The  influence  of  chromium  on  steel  becomes 
decisive  above  a  content  of  one  per  cent. 

The  effect  of  chromium  on  steel  is  best  illustrated  by  the  diagram. 
Fig.  1,  adapted  from  Austen's  "Introduction  to  Metallurgy."    The  »— 
dotted   line  shows  the   tensile   strength   of   annealed   pieces,  f 
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full  line  shows  the  elastic  limit  or  annealed  pieces,  the  upper  dotted 
line,  shows  the  tensile  strength  of  the  steel  when  hardened,  and  the 
upper  full  line  shows  the  elastic  limit  of  the  steel  when  hardened. 

The  reason  why  chromium  steels  do  not  fracture  In  heat-treatment 
as  easily  as  carbon  steels  is  due  to  the  fact  that  In  chromium  steels 
the  critical  changes  that  take  place  when  heating  all  steelB  to  the 
hardening  temperature  take  place  more  slowly.  Chromium  Is  also  one 
of  the  best  elements  In  a  steel  that  Is  to  be  carbonized  or  casehardened, 
as  It  greatly  Increases  the  susceptibility  of  steel  to  heat-treatment  and 
acts  as  a  carrier  of  the  carbon.  Thus,  In  steels  containing  chromium, 
the  carbon  will  penetrate  to  a  much  greater  depth,  and  a  higher  per- 
centage will  be  absorbed  by  the  outer  layer  in  a  given  time,  than  with 
any   other   kind    of   steel,    especially    carbon    steel.      The    Increase    In 
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depth  of  penetration  of  carbon  is  about  30  per  cent  of  the  penetration 
in  ordinary  carbon  steels. 

The  chromium  refines  the  grain  of  the  steel  remarkably,  owing  to 
Its  tendency  to  prevent  the  development  of  a  crystalline  structure. 
In  the  annealed  state,  every  Increase  of  chromium  up  to  a  content  of 
6.50  per  cent  raises  the  tensile  strength,  while  the  elastic  limit  Is 
gradually  raised  until  a  chromium  content  of  3.00  per  cent  Is  reached. 
This  latter  remains  constant  until  the  chromium  content  has  passed  9 
per  cent,  but  after  this  a  rapid  reduction  takes  place.  In  the  hardened 
steels,  both  the  tensile  strength  and  the  elastic  limit  Increase  until  a 
chromium  percentage  of  5.00  per  cent  has  been  reached,  and  beyond 
this  point  both  gradually  decline- 
When  2.00  per  cent  of  chromium  has  been  added  to  a  steel  that  has 
a  carbon  content  between  0,75  and  1.50  per  cent.  It  combines  great 
hardness  with  ability  to  resist  shock.  It  Is  one  of  the  best  materials 
for  piercing  armor  plate,  and  Is  also  used  in  making  projectiles.  A 
chromium  content  of  3.50  per  cent  In  a  tool  steel  that  contains  8.25 
per  cent  of  tungsten,  gives  the  steel  the  well-known  property  of  red 
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hardness;  that  la,  the  hardness  is  not  drawn  and  the  cutting  edge  la 
maintained  when  using  the  tool  at  a  red  heat.     A  high  percentage  of 
chromium  ts  also  added  to  a  steel  that  is  forged  between  layers  of 
wrought  iron  or  soft  steel  and  hardened  in  water.     This  fa  used  in 
safes,  vaults,  etc.,  to  make  them  burglar  proof,  and  is  also  used  for 
plough-shares  and  similar  work. 

The  presence  of  nickel  in  steel  is  very  interesting  in  its  influence, 
because,  as  mentioned  in  the  previous  chapter,  when  added  in  amounts 
up  to  8  per  cent,  It  increases  the  tensile  strength,  elastic  limit,  and 
elongation.    Adding  from  8  to  15  per  cent  of  nickel  produces  a  brittle- 
ness.  and   the   mechanical   properties  are   not  ascertainable  by   esperi- 
ruent.     With  20  per  cent  nickel  a  rapid  rise  in  elongation  is  noticed, 
which  increases  very  rapidly  up  to  25  per  cent,  after  which  the  In- 
crease is  more  slow.    Fig.  '2  is  a  diagram  from  Roberta- Austen's  "Metal- 
lurgy."  which  Illustrates  these  points.     Nickel  sometimes  produces  in 
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steel  a  tendency  to  snow  laminations  and  to  make  it  weak  at  right 
angles  to  the  direction   In  which   it   is  rolled.     By   the  addition  of 
chromium  these  laminations  are  removed,  the  metal  Is  given  a  high 
degree   of   homogeneity,    and    the    hardening   can    be   perfcirmed    wore 
easily  and  without  the  danger  of  fissures  appearing. 

In  nickel  steel,  the  tenacity  and  elastic  limit  is  much  increased  by 
positive  quenching  up  to  about  5  per  cent  nickel,  especially  with  high 
percentages  of  carbon.     Below   0.50  per  cent  carbon  and  5  per  cent 
nickel  the  reduction  of  area  remains  nearly  unchanged,  and  the  elonga- 
tion  but  slightly  decreases  by  heat-treatment,   but   when   chromium   is 
added  these  are  both  reduced  nearly  one  half  by  heat-treatment 

Effect  Ol  Silicon 
Silicon  Is  sometimes  used  In  nickel-chromium  steel,  as  It  prevents  the 
formation   of  blow   holes   and    neutralizes   the   injurious   tendencies   of 
manganese.     The  majority  of  these  steels,  however,  do  not  contain 
silicon,  as  its  exact  influence  is  not  quite  clear,  and  It  is  difficult  to 
obtain  silicon  In  steel  without  the  presence  of  maganese.    This  makes 
Its  direct  action  difficult  to  determine.     In  quenching,  silicon  aeemB 
to  Influence  steel   the  same  as  carbon  in  many  ways,  but  thfs  largely 
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ganese.  In  general,  only  very  small  quantities  are  effective,  and  then 
only  when  the  carbon  content  is  low.  Silicon  will  increase  the  tensile 
strength,  but  at  the  same  time  lower  the  elastic  limit 

Effect  of  Manganese 

Manganese  is  always  a  component  of  nickel-chromium  steel,  but  over 
0.40  per  cent  is  seldom  allowed,  as  a  steel  high  in  manganese  is  dif- 
ficult to  work  cold,  while  otherwise  nickel-chromium  steel  can  be  bent 
cold  without  difficulty.  This  has  been  proved  by  tests;  in  one  case  a 
connecting  or  piston-rod,  after  finishing,  was  bent  double  and  showed 
no  indications  of  cracks.  Another  rod  was  twisted  two  complete  revo- 
lutions without  injury.  When  the  carbon  is  less  than  0.50  per  cent, 
and  from  4  to  6  per  cent  of  manganese  is  added,  steel  becomes  so  brittle 
that  it  can  be  powdered  under  a  hand  hammer,  but  by  the  addition 
of  twice  that  amount  of  manganese  the  strength  is  restored.  At  15 
per  cent  maganese,  again,  a  decrease  in  toughness,  but  not  in  trans- 
verse strength,  takes  place.  With  20  per  cent  and  more  of  manganese 
a  rapid  decrease  takes  place.  The  discovery  of  these  properties  brought 
out  manganese  steel  which  has  some  remarkable  qualities..  The  higher 
the  percentage  of  carbon,  the  less  manganese  is  necessary  to  bring 
about  the  result  referred  to. 

Influence  of  Phosphorus  and  Sulphur 

Phosphor U3  and  sulphur  are  always  components  of  steel,  and  prob- 
ably more  time  and  energy  has  been  spent  to  get  rid  of  these,  or  re- 
duce them  to  a  minimum,  than  on  all  other  experiments.  Phosphorus 
causes  a  "cold  shortness"  or  brittleness  in  steel,  and  almost  any  quan- 
tity is  injurious.  No  matter  how  high  the  tensile  strength  or  elastic 
limit  may  be  made  by  other  components,  if  the  phosphorus  content 
is  high,  the  metal  will  break  when  given  shock  tests.  For  this  reason 
some  object  if  phosphorus  is  present  in  amounts  over  0.015  per  cent, 
while  others  will  allow  as  much  as  0.04  per  cent  before  they  will  agree 
that  it  is  damaging  to  any  serious  extent  A  high  percentage  of  sul- 
phur, on  the  other  hand,  causes  a  "hot  shortness"  or  brittleness  be- 
yond a  dull  red  heat,  and  is  therefore  not  desirable  when  the  metal 
is  to  be  forged  or  worked  hot.  This  component,  however,  is  not  as 
injurious  as  phosphorus. 

Composition  of  Nickel-chromium  Steels 

The  different  combinations  or  percentages  of  the  components  of 
nickel-chromium  steels  are  as  varied  as  their  makers,  but  the  compo- 
sitions obtained  have  resulted  in  a  very  high  grade  of  steel.  Thus 
nickel  is  used  in  percentages  of  from  1  to  5;  chromium  from  0.5  to 
5;  carbon  from  0.25  to  0.45;  silicon,  when  used,  from  0.5  to  3;  and 
manganese  from  0.25  to  1.  Table  IV  shows  some  of  the  nickel-chromium 
steels  that  are  turned  out  by  the  different  makers,  both  foreign  and 
American,  and  their  comparative  strength.  The  first  column  shows 
one  composition  that  is  comparatively  low  in  nickel  and  high  in 
chromium,  while  the  next  three  columns  are  low  in  chromium  and 
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high  in  nickel,  other  components  being  about  equal.  The  last  tw* 
columns  contain  the  specifications  that  were  adopted  by  the  Assocla* 
tion  of  Licensed  Automobile  Manufacturers.  The  only  difference  be- 
tween them  is  that  one  contains  0.45  per  cent  carbon  and  the  other 
is  0.25  per  cent.  The  physical  characteristics  of  these  two  kinds  ar* 
not  derived  from  actual  tests,  but  are  the  characteristics  which  they 

table  it.   nnrzazHT  coMFoamojre  of  xicux-CHmoMnnt  steels 


Composition  in  Per  Cent 


No.  of 
Sample 


Nickel     Chromium    Carbon 


1 
2 
3 
4 
5 
6 
7 
8 


1.60 
8  30 
4.40 
8.50 
2.09 
3.38 
1.50 
1.50 


4.41 
1.40 
1.50 
1.50 
0.71 
1.87 
0.80 
0.80 


0.25 
0.31 
0  25 
0.25 
0.86 
0.24 
0.25 
0.45 


Silicon 


0  20 
0  20 
0  24 
0  25 
0  21 


0.85 
0.40 
0.78 
0  40 
0.85 
0.85 
0.40 
0.40 


Phot. 
phorua 


0  012 
0  012 
0  018 
0  018 
0.025 
0.028 
0.080 
0.080 


Sulphur 


0.018 
0,028 
0.012 
0  022 
0  02ft 
0.080 
0  08ft 
0.08A 


No.  of 
Sample 


Fully  Annealed 


l 

2 
3 
4 
5 
6 
7 
8 


126,000 
115,000 

126,000 

112,000 

128,000 

85,000 

90,000 


115.000 
95,000 

115,000 
87,000 
80,000 
65,000 
65,000 


s  •  a 

W 


28 
24 

28 
14 
10 
20 

18 


3"    v 


64 
42 

•   • 

64 
64 
58 
50 
85 


After  H«at -treatment 


V 


'&&  I   fl*J     j 


IjS 


* 


185,000 
155, (MM) 
154.  (MM) 


180,000 
180,000 


100,  (MM) 
182.000 
188.000 


100,000 
140,000 


14 
8H 
12 


48 
H 
45 


1*4 

H 


HO 
DO 


must  possess  when  a  test  is  made  from  a  %  Inch  lout  bur,  ml Iml  from 
every  heat  and  from  two  separate  IiikoIh.  The  art  mil  leHtn  mimv  nhow 
much  higher  figures,  as  these  are  the  IowohI  OKiireN  at  whlrli  t ho  wtind 
will  be  accepted.  The  phosphorus  ami  Hulphur  may,  of  rounio,  ho 
lower,  as  the  percentage  given  Is  the  hlKhent  (hut  will  he  allowed  To 
the  tests  In  this  table  there  should  he  added  u  hhoek  tint,  mm  nil  of  the 
tests  given  might  be  satisfactory  In  t ImI r  renultn,  find  v«*f ,  ir  too  high 
in  phosphorus,  the  metal  would  not  «tand  hhoeHn  and  londomil  t:\nnwt% 
The  steels  in  the  table  which  are  high  In  'a/hon  tin  n,ui\  pr  )m  Ipiifly 
for  gears,  and  are  the  highest.  Kradcu  of  «t<«l  In  tin-  inuiU*-t.  either 
foreign  or  domestic,  for  this  purpose*.  'J  he  n\<  k*\  <  hf  omlum  wt<«  l«  *howri 
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in  the  table  that  contain  0.25  per  cent  carbon  are  more  extensively 
used  than  those  with  higher  carbon  content,  as  they  are  forged  more 
easily,  and  are  machined  and  worked  with  less  difficulty.  These  steels 
are  used  where  great  strength  is  demanded,  combined  with  a  light 
weight;  hence,  in  automobile  construction  they  are  used  for  such  parts 
as  crankshafts,  sprocket  shafts,  rear  driving  shafts,  propeller  shafts, 
axles,  wheel  pivots,  and  piston  rods.  Some  racing  cars  have  been  built 
with  all  the  working  parts,  as  well  as  the  frame,  of  nickel-chromium 
steel.  These  nickel-chromium  steels  are  not  as  readily  drop-forged  as 
the  ordinary  carbon  steel,  and,  therefore,  the  difference  between  con- 
secutive die  forms  should  be  less  than  in  those  used  for  ordinary  steel. 
In  forging,  the  metal  should  be  heated  to  about  1380  degrees  F.,  and 
kept  at  about  that  point  until  the  operation  is  completed.  Care  must 
also  be  taken  not  to  overheat  or  underwork  the  metal,  as  this  pro- 
duces  a  coarse  grain,  which  will  show  a  low  percentage  of  reduction 
of  area,  and  the  metal  will  be  condemned  on  account  of  its  inability 
to  withstand  the  shock  stresses.  The  best  forging  process  is  undoubt- 
edly the  one  using  the  hydraulic  press,  as  with  this  the  metal  is 
slowly  squeezed  into  the  die,  thus  allowing  the  mass  time  to  assume  its 
new  shape.  The  formation  of  crystals  will  not  be  able  to  take  place, 
and  the  metal  will  be  of  a  finer  grain,  with  great  density,  producing 
less  internal  stresses  and  closing  up  any  flaws  which  might  have  been 
in  the  center  of  the  ingot  In  hammer  forging,  unless  the  hammer  is 
a  large,  slow-moving  one,  only  the  shell  of  the  forged  piece  is  af- 
fected, as  the  blows  will  not  penetrate  to  the  center. 

Heat  Treatment 

Nickel-chromium  steel  is  nearly  always  heat-treated,  and  great  care 
should  be  used  in  doing  this,  as  it  is  very  easy  to  destroy  the  good 
qualities  of  the  metal  by  inferior  workmanship  in  this  respect  The 
factors  which  influence  the  results  of  heat-treatment  are: 

First:     The  physical  and  chemical  components  of  the  metal. 

Second:  The  gases  and  other  substances  which  come  in  contact 
with  the  metal  while  heating. 

Third:  The  form  of  the  temperature  rise  curve  for  each  unit  of 
the  metal. 

Fourth:     The  highest  temperature  given  to  each  unit  of  the  metal. 

Fifth:  The  length  of  time  at  which  the  metal  is  kept  at  the 
maximum  temperature. 

Sixth:  The  form  of  the  temperature  drop  curve  for  each  unit  of 
metal. 

At  about  570  degrees  F.  most  steels  lose  their  ductility  and  are  not 
capable  of  resisting  the  strains  of  unevenly  heated  metal.  Therefore, 
the  temperature  rise  curve  up  to  this  point  should  be  a  gradual  one; 
after  this  it  may  be  as  rapid  as  possible  without  overheating.  Care 
must  be  taken  not  to  overheat  or  burn  the  metal,  as  it  is  almost  im- 
possible to  bring  it  back  to  its  former  high  standard. 
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Nickel-chromium  steel  should  be  annealed  after  it  has  been  worked 
and  before  heat-treatment,  in  order  that  it  may  return  to  its  natural 
state  of  repose,  as  machining,  forging,  hammering,  etc.,  is  liable  to 
throw  it  out  of  its  homogeneity.  It  is  annealed  in  a  different  man- 
ner from  the  ordinary  grades  of  steel,  it  being  heated  to  a  tempera- 
ture of  about  1470  degrees  F.,  kept  at  this  heat  for  four  hours  and 
then  allowed  to  cool  slowly  in  a  slow-cooling  furnace,  or  by  packing  in 
ashes  or  charcoal,  the  latter  being  preferred.  If  carbonizing  is  re- 
sorted to,  this  steel  should  be  annealed,  after  carbonizing,  as  de- 
scribed above. 

To  harden  this  steel,  it  should  be  heated  to  about  1470  degrees  F. 
and  made  as  hard  as  possible  by  quenching  in  oil  or  water,  after 

TABLE  V.     CUTTnrO  SPEEDS  FOE  DIFFERENT  OSADE8  OF  STEEL 
Depth  of  cut    f9    inch  and  feed    ,^    inch 


Kind  of  Steel 

Cutting 

Speed  in 

Feet  per 

Minute 

Poundtof 
Turnings 
per  Hour 

Steel  with  0. 10  oer  cent  of  carbon 

100 
75 
68 
51 

205 
222 

176 
150 
163 

148 

i:*5 

108 
Machinery 

Steel  with  0.20  per  cent  of  carbon 

Steel  with  0  80  per  cent  of  carbon 

Steel  with  0.40  per  cent  of  carbon 

Steel  with  8.50  per  cent  of  nickel 

55 
50 
45} 

0.75  per  cent  nickel,  0  80  per  cent  chromium, 
and  0.25  per  cent  carbon 

1.50  per  cent  nickel,  0.80  per  cent  chromium, 
and  0.25  per  cent  carbon 

Steel  with  1  5  per  cent  nickel,  0  80  per  cent 

35 

which  it  can  be  drawn  to  the  different  degrees  Tequired.  Gears  should 
be  drawn  by  heating  to  480  degrees  F.  to  remove  the  Internal  strains. 
This  makes  the  hardest  and  toughest  gear  which  it  is  possible  to  pro- 
duce. It  will  stand  an  enormous  amount  of  wear  and  shock  stresses, 
and  it  is  very  difficult  to  break  out  a  tooth  with  a  sledge  hammer. 

The  carbonizing  should  be  done  by  carefully  packing  the  pieces  to 
be  carbonized  in  a  cast-iron  pot,  in  a  mixture  of  powdered  bone  and 
charcoal.  This  should  then  be  heated  slowly  until  the  temperature 
is  raised  to  660  degrees  F.,  after  which  the  temperature  can  be  raised  as 
fast  as  desired  until  2100  degrees  K.  has  been  reached.  The  steel 
should  be  kept  at  this  temperature  for  at  least  four  hours,  after  which 
it  should  be  allowed  to  cool  slowly  by  taking  the  pot  out.  of  the  fire 
and  permitting  it  to  cool  without  removing  the  cover  Thl«.  anneal 
ing,  tempering,  and  carbonizing  can  only  be  done  h- }<"■•*,■■  tn\\y  and 
with  positive  assurance  by  the  use  of  a  furnace  to  v.hJ'h  1>.  attached 
a  pyrometer,  as  the  proper  degree?,  of  heat  cannot  be  guej-.w-d  at  by  the 
color  of  the  metal. 
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MTftnViining  Nickel-chromium  Steel 

Nickel-chromium  steel  is  more  difficult  to  machine  than  ordinary 
steel,  and  can  only  be  done  successfully  when  it  is  fully  annealed  and 
with  high-speed  tool  steel.  Under  these  conditions  it  should  be  cut  at 
the  rate  of  35  feet  per  minute,  the  cut  being  3/16  inch  deep,  with  1/16- 
inch  feed.  The  comparison  between  the  machining  of  this  and  other 
steels  is  best  illustrated  by  Table  V. 

This  steel  is  only  used  where  strength  and  lightness  are  more  Im- 
portant than  cost  In  automobile  construction,  it  is  only  used  on  the 
higher  priced  cars  and  for  the  parts  which  have  to  stand  the  largest 
amount  of  strains  and  stresses.  Its  ability  to  stand  these  stresses  bet- 
ter than  the  ordinary  carbon  steel  was  demonstrated  by  one  motor  car 
builder,  by  taking  two  round  bars  1%  inch  in  diameter,  one  of  which 
was  nickel-chromium  steel  and  the  other  a  mild  carbon  steel,  fairly  low 
in  carbon,  gripping  both  ends,  leaving  9%  inches  exposed  and  sub- 
jecting them  to  a  bending  operation,  the  bending  being  9/32  inch  out 
of  the  true  position  of  the  center-line  of  the  bars.  This  bending  was 
made,  back  and  forth,  with  the  carbon  steel  bar  20,000  times  before 
it  fractured,  while  with  the  nickel-chromium  steel  bar  250,000  bendings 
were  made  before  this  fractured.  Other  tests  which  have  been  made 
show  similar  results. 

With  the  continued  use  of  this  grade  of  steel,  its  manufacture  in 
larger  quantities  by  the  steel  makers,  and  the  improvements  in  ma- 
chinery and  cutting  steels,  it  will  no  doubt  be  cheapened  both  in  the 
production  and  in  its  manufacture  into  finished  products,  so  that  its 
use  can  become  more  diversified,  and  better  wearing  qualities,  lighter 
weight  and  greater  strength  given  to  the  working  parts  of  many 
classes  of  machinery. 


CHAPTER    III 


VANADIUM  STEEL 

Among  the  many  new  alloy  steels  which  have  been  brought  out  in 
the  last  few  years,  the  vanadium  steels  constitute  one  of  the  latest 
additions.  These  steels,  in  many  different  percentages  of  alloy,  have 
been  given  numerous  tests  in  order  to  determine  the  qualities  of  the 
steel  and  its  action  when  submitted  to  the  various  strains  and  stresses 
it  is  liable  to  meet  when  put  into  actual  use.  These  tests  would  seem 
to  place  it  in  the  front  rank  of  high-grade  alloy  steels,  although  it 
will  be,  after  all,  the  actual  use  of  this  steel  for  the  moving  parts  of 
machinery  that  will  demonstrate  to  a  certainty  its  wearing  qualities, 
as  well  as  its  ability  to  withstand  strains  and  stresses. 

The  mechanical  engineers  of  the  present  day  have  been  forced  to 
become  better  metallurgists  than  they  ever  were  in  the  past,  in  order 
to  intelligently  design  high-grade  machinery,  as  the  so-called  "mysteri- 
ous" failures  of  steels  are  becoming  more  numerous  and  more  pro- 
nounced every  day.  These  failures  of  steel,  which  occur  in  high- 
grade  alloys  the  same  as  in  the  Bessemer  steel  rails,  although  not  as 
frequently,  have  proved  to  the  engineers  of  to-day  that  the  old  custom 
of  judging  a  steel  by  its  resistance  to  static  load  and  the  amount  it 
would  stretch  under  that  load  is  not  always  to  be  depended  upon.  The 
uses  to  which  steel  is  put  call  upon  it  to  resist  strains  applied  in  a 
totally  different  manner  to  that  under  which  it  was  tested  by  simply 
pulling  a  bar  until  it  broke. 

In  machine  construction,  those  parts  which  are  liable  to  failure 
while  in  use  require  high  dynamic  qualities,  that  is,  resistance  to  re- 
peated stresses,  alternating  stresses,  simple  repeated  or  alternating 
impacts,  and  fatigue,  the  latter  being  the  outward  and  visible  sign  of 
the  inter-molecular  vibratory  deterioration.  Thus  a  new  field  is  being 
opened  out,  and  while  vanadium  affects  steel  in  a  manner  that  tends 
to  increase  the  static  strength,  it  also  raises  the  dynamic  properties 
to  a  very  remarkable  extent.  Some  recent  tests  of  armor  plate,  made 
by  the  United  States  Government,  give  an  illustration  of  this.  In  the 
past  it  has  been  the  custom  to  make  armor  plate  as  hard  as  possible, 
and  at  the  same  time  retain  a  high  degree  of  strength.  For  this 
reason  chromium  was  used  as  the  principal  alloy,  and  in  many  cases 
the  only  alloy,  as  it  gave  steel  a  hardness  that  was  not  obtainable  in 
any  other  way.  In  the  recent  Jjfit  spoken  of,  a  vanadium-chrome  steel 
was  used  with  a  hard  outer  shell  and  a  very  soft  core,  similar  to  the 
condition  obtained  by  carbonizing.  The  result  was  that  it  withstood 
a  much  higher  test  of  the  impact  blows  delivered  by  the  shots  from 
a  gun  than  the  hard  steels  formerly  used. 
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Vanadium  and  its  Influence  on  Steel 

In  an  article  in  Machinery,  May,  1911,  Mr.  William  B.  Snow  gives 
a  brief  review  of  the  main  characteristics  of  vanadium  and  vanadium 
steel.  Although  vanadium  has  been  used  to  a  considerable  extent  for 
a  number  of  years  as  an  alloy  for  steel,  one  frequently  hears  the 
question  asked:  "What  is  vanadium,  and  how  do  vanadium  steels 
differ  from  other  steels?"  Vanadium  is  an  element,  the  existence  of 
which  was  first  recognized  by  a  Mexican,  Del  Rio,  about  the  year  1800. 
A  number  of  years  later  it  was  discovered  that  the  remarkable  qualities 
of  Swedish  iron  were  due  to  the  presence  of  a  small  amount  of  vanadium 
in  the  native  ore.  It  is  only  quite  recently,  however,  that  vanadium 
has  been  found  in  sufficient  quantities  for  commercial  use. 

Pure  vanadium  is  silvery  white  in  appearance,  and  of  very  high 
melting  point  In  the  pure  state  it  has  little  or  no  practical  applica- 
tion; for  use  as  an  alloy  it  comes  in  the  form  of  ferro-vanadium,  which 
usually  contains  from  30  to  40  per  cent  of  vanadium.  Vanadium  is 
such  a  powerful  alloy  that  it  only  needs  to  be  used  in  exceedingly 
homeopathic  doses  to  produce  marked  results.  The  use  of  as  small 
an  amount  as  0.05  per  cent  of  vanadium  produces  a  strong  scavenging 
action  that  indirectly  toughens  the  steel  to  a  most  noticeable  extent, 
by  removing  the  oxide,  nitrides,  etc.  The  use  of  a  larger  amount-— 0.18 
per  cent,  or  more — causes  a  portion  of  the  vanadium  to  combine  with 
the  ferrite  or  free  carbonless  iron  in  the  steel,  thereby  directly  tough- 
ening it 

Vanadium  is  very  volatile  in  its  action,  and  considerable  difficulty  is 
experienced  in  getting  it  to  mix  thoroughly  and  evenly  with  the  steel. 
When  put  into  crucible  steels  it  has  a  particularly  aggravating  tend- 
ency to  go  to  the  bottom  of  the  pot  in  a  lump,  where  it  is  frequently 
found  after  pouring.  The  higher  the  percentage  of  the  vanadium,  the 
greater  the  difficulty  experienced  In  getting  it  to  mix  properly  with 
the  steel.  It  is  practically  impossible  to  put  over  1.25  per  cent  of 
vanadium  into  steel  and  keep  it  there,  while  most  vanadium  steels 
do  not  contain  more  than  0.25  to  0.30  per  cent  of  vanadium. 

In  order  to  more  fully  understand  its  specific  action,  consider 
briefly  what  takes  place  when  vanadium  is  put  into  steel.  Steel  con- 
sists of  iron,  with  more  or  less  carbon,  sulphur,  phosphorus,  man- 
ganese, silicon,  and,  frequently,  chromium  and  nickel.  The  carbon 
contained  is  combined  chemically  with  a  molecular  portion  of  the 
iron.  A  molecule  of  this  chemical  compound  alloys  itself  with 
twenty-one  atoms  of  carbonless  iron  and  the  resultant  alloy  is  dis- 
tributed in  spots,  or  patches,  through  the  carbonless  iron.  This  alloy 
is  known  technically  as  pearlite,  and  the  free  carbonless  iron  as 
ferrite.  Part  of  the  manganese  unites  chemically  with  the  sulphur  in 
the  steel,  forming  striae,  or  globules  throughout  the  mass.  The  phos- 
phorus and  the  silicon,  also  the  larger  part  of  the  nickel — if  used — 
are  dissolved  in  the  ferrite  in  what  is  known  as  "solid  solution."  The 
chromium  is  found  as  a  constituent  of  the  pearlite.  When  vanadium  In 
a  sufficient  amount  is  used,  it  goes  into  solid  solution,  partly  in  the 
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ferrite.   which  it  toughens,  and   partly   in   the   carbide   portion   of  the 
Pfurlile,  which  it  strengthens. 

Vanadium  is  also  beneficial  to  steel  in  still  another  way.  its  use 
securing  better  results  from  the  process  of  annealing,  as  will  be  seen 
from  the  following:  When  heat  Is  applied  to  a  bar  of  steel,  as  in 
annealing,  it  becomes  sensibly  hotter  with  each  degree  of  heat  ap- 
plied, up  to  a  certain  point,  known  aa  the  point  of  decalescence.  When 
the  steel  reaches  this  point,  further  application  of  heat  does  not  in 
ereasi.-  the  sensible  temperature,  but  instead,  a  change  takes  place 
in  the  steel  itself;  the  pearlite  becomes  broken  up,  its  carbides  going 


into  solid  solution  In  the  ferrite.  When  this  change  Is  completed, 
the  sensible  temperature  of  the  steel  again  rises.  In  cooling,  the 
reverse  takea  place;  to  a  certain  point,  known  as  Ilie  point  of  re- 
calescence,  the  steel  cools  regularly,  then  it  apparently  ceases  to  cool, 
and  a  change  takes  place  in  the  steel  itself.  The  dissolved  carbides 
are  thrown  out  of  solution,  and  alloy  themselves  with  the  ferrite  to 
re-form  pearlite.  When  this  change  Is  completed,  sensible  cooling 
again  proceeds. 

Since  the  object  of  annealing  Is  to  break  up  the  carbide  areas  and 
distribute  them  In  small  colonics,  the  steel  Is  heated  above  the  de- 
calescence  point,  the  temperature  being  maintained  long  enough  to 
thoroughly  decompose  the  pearlite — as  well  as  to  remove  any  me- 
chanical strains  that  may  have  been  locked  up  la  the  mass  by  prevt 
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ous  manipulation  under  hammer  and  rolls.  It  is  .then  cooled  slowly 
through  the  recalescence  point,  care  being  taken  to  prevent  chilling. 
As  a  vanadium  ferrite  does  not  permit  of  the  ready  passage  through 
it  of  the  carbides  re-precipitated  at  the  recalescence  point,  the  dis- 
tribution of  the  carbides  in  a  vanadium  steel  is  remarkably  even. 
This  greatly  increases  the  toughness  and  tenacity  of  the  steel,  in 
addition  to  the  greater  toughness  already  obtained  with  the  back- 
ground of  vanadium  ferrite  (the  portion  of  the  vanadium  that  has 
gone  into  solid  solution  with  the  free  carbonless  iron). 

Properties  of  Vanadium  Steel 

The  peculiar  properties  of  vanadium  steel  are  best  shown  by  the 
following  comparative  table  of  the  physical  properties  of  vanadium 
and  other  crucible  steels: 

Tennlle  Elastic 

Strength,  Limit, 

Pounds*  per  Pounds  per 

Condition  of  Steel — Natural,   as  rolled  Square  Inch  Square  Inch 

Carbon    Steel    82,300  56,000 

Chrome-nickel    Steel    102,100  69,230 

Chrome-nickel-vanadium    Steel     118,100  87,500 

Chrome-vanadium    Steel    153,220  98,560 

Condition  of  Steel — Annealed 

Carbon  Steel  61,100  43,200 

Chrome-nickel  Steel   81,200  56,700 

Chrome-nickel-vanadium  Steel 96,350  69,300 

Chrome-vanadium  Steel 112,000  76,160 

Condition  of  Steel — Oil  tempered  at  1500  deg.,  P., 
drawn  to  000  deg.  F. 

Carbon  Steel  126,300  101,100 

Chrome-nickel  Steel   150,300  134,500 

Chrome-nickel-vanadium  Steel    163,700  152,300 

Chrome-vanadium  Steel 233,090  210,500 

From  the  above  table  it  is  seen  that  the  two  most  marked  char- 
acteristics of  vanadium  steel  are  its  high  tensile  strength  (breaking 
point),  and  its  high  elastic  limit  (stretching  point).  Another  equally 
important  characteristic  is  its  great  resistance  to  shocks;  vanadium 
steel  is  essentially  a  non-fatigue  metal,  and  therefore  does  not  become 
crystallized  and  break  under  repeated  shocks  like  other  steels.  Tests 
of  the  various  spring  steels  show  that  when  subjected  to  successive 
shocks  for  a  considerable  length  of  time,  a  crucible  carbon  steel  spring 
was  broken  by  125,000  alternations  of  the  testing  machine,  while  a 
chrome-vanadium  steel  spring  withstood  5,000,000  alternations,  re- 
maining unbroken. 

Another  characteristic  of  vanadium  steel  is  its  great  ductility.  High- 
ly tempered  vanadium  steel  springs  may  be  bent  sharply,  in  the  cold 
state,  to  an  angle  of  90  degrees  or  more,  and  even  straightened  again, 
cold,  without  sign  of  fracture;  vanadium  steel  shafts  and  axles  may 
be  twisted  right  around  several  complete  turns,  in  the  cold  state,  with- 
out fracture.    This  property,  combined  with  its  great  tensile  strength, 
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makes  vanadium  steel  highly  desirable  for  this  class  of  work,  as  well 
as  for  gears  which .  are  subjected  to  heavy  strains  or  shocks  upon 
the  teeth. 

In  the  matter  of  heat-treatment,  vanadium  steels  will  stand  a  wider 
variation  of  temperature  without  detrimental  effect  than  other  steels. 
One  particular  characteristic  of  vanadium  steel  is  the  evenness  with 
which  is  hardens.  Vanadium  steels  forge  readily,  and,  in  the  annealed 
state,  are  no  harder  to  machine  than  an  ordinary  steel  containing 
the  same  percentage  of  carbon.  In  this  respect  they  differ  greatly 
from  other  steels  of  high  tensile  strength,  in  which  the  presence  of  a 
considerable  amount  of  nickel  renders  machining  extremely  difficult. 

The  usefulness  of  vanadium  as  an  alloy  is  not  confined  to  stool 
alone;  it  is  equally  beneficial  to  other  metals.  Cast  iron,  brass  and 
copper  are  much  improved  by  the  addition  of  a  small  percentage  of 
vanadium,  their  strength  and  endurance  being  greatly  increased. 
Castings  from  these  metals  show  a  finer  grain  and  greater  freedom 
from  porousness  through  the  use  of  vanadium.  Aluminum,  a  par- 
ticularly difficult  metal  to  machine,  is  greatly  benefited  in  this  respect 
by  the  addition  of  vanadium,  which  not  only  renders  it  easier  to 
work,  but  also  insures  its  ready  flow  in  the  mold,  producing  sharp, 
even  castings  from  difficult  shapes. 

The  Practical  Advantages  of  Vanadium  in  Steel 

Vanadium,  as  mentioned,  acts  as  a  purifier  on  the  metal,  and  very 
small  percentages  give  the  desired  results;  but  if  used  in  too  luru" 
a  percentage,  it  will  spoil  the  metal.  Sometimes  the  vanadium  will 
perform  this  purifying  action  and  leave  but  a  trace  to  show  on  lumlyx- 
ing  the  steel,  but  in  the  majority  of  instances  it  stays  in  thn  nintut. 
Vanadium  steel,  however,  is  the  most  difficult  of  all  the  alloy  »t««t* 
for  the  chemist  to  correctly  analyze. 

Vanadium  has  the  property  of  elusivencss  to  a  very  marked  tii«uren, 
and  must  be  handled  by  the  steel  maker  very  can-fully  In  order  to  M<d 
the  necessary  results.  It  is,  therefore,  marketed  In  l  In*  form  of  r<<iio 
vanadium  in  the  proportions  of  about  two  parts  of  Iron  to  om<  pnil 
vanadium.  For  machinery  purposes  it  is  generally  alloyed  wllh  ni.i.l 
in  percentages  of  from  0.10  to  0.30  per  cent,  but  It  han  Iimkii  filt-d  mm  n 
tool  steel  with  as  high  as  3  per  cent,  and  when  HiIm  \miu  lomintiid 
with  a  3  per  cent  tungsten  tool  steel  by  cutting  a  ehllhd  while  Into 
plate,  and  then  collecting  and  weighing  the  rutting",  (he  vihmhIIihm 
tool  steel  was  found  to  excel  the  tungsten  tool  H<  <  |  \,y  :»;,  p.  i  •  •  ni 
It  is  used  in  manufacturing  a  tool  steel  by  one  »<,(/<  |  mnl-ii,  hi  1 1 « I . • 
country,  who  uses  vanadium  in  a  hrnall  pep  <  niuge,  hnifHi.  o  in  (t 
large  percentage,  chromium  in  a  small  pep  *  n»aj/« ,  and  »•  i«  •  niint 
ingredients  in  small  percentage?-,  and  the  p;-.uIim  oi,hihi>d  limn  •  h i>* 
steel  show  that  it  excel**  other  tool  fct/-<-i.«  hy  from  In  to  >n  |<<  »  * .  *f i 
in  their  cutting  qualities. 

Vanadium  is  not  like  nickel,  rhroml-jm,  hun'mti  <  »m>\  hIIm* 
mineral   elements   tu&d    in    high  grade    ft"  I    o...i'r,^     •,      n    mhiImIh* 
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within  itself  no  virtues,  except  in  its  action  as  a  purifier  on  the  other 
elements.  Its  most  successful  application  lies  in  the  direction  of 
steels  such  as  chrome-vanadium  or  nickel-vanadium.  In  a  technical 
sense  it  retards  the  segregation  of  the  carbides,  thereby  producing  in 
steel  a  high  degree  of  homogeneity  and  a  grain  of  great  uniformity 
and  fine  texture.  In  retarding  the  segregation  of  the  carbides,  vana- 
dium renders  steel  susceptible  to  great  improvements  by  heat-treat- 
ment or  tempering,  and  in  this  manner  the  steel  can  be  prepared  to 
resist  wear  and  erosion.  It  also  renders  possible  the  natural  forma- 
tion of  the  "sorbitic"  structure  which  is  necessary  in  metals  which 
have  to  withstand  wear  and  erosion.  Vanadium  steel  also  has  self- 
lubricating  properties  to  a  greater  extent  than  other  high-grade  steels, 
hence  it  is  more  valuable  for  shafts  running  in  bearings  and  for 
gears.    It  also  produces  soundness  mechanically  as  well  as  chemically 


TABLE  VI. 

• 

Tensile    Strength 

Elastic  Limit 

Elongation 

Reduction 

Specimen 

in   pounds 

in  pounds 

in  2  Inches, 

of  Area. 

per  square  inch 

per  square  inch 

per  cent 

per  cent 

A 

82,500 

50,000 

30 

66 

B 

116,000 

90,000 

21 

71 

C 

165,000 

147,000 

11 

61 

D 

165,000 

147,000 

16 

59 

E 

200,000 

185,000 

11 

56 

F 

228,375 

•  • 

•  • 

G 

198,750 

190,000 

9 

34 

and  toughens  the  steel,  thus  conferring  great  powers  of  resistance  to 
torsional  rupture. 

Chromium  gives  to  steel  a  brittle  hardness  which  makes  it  very 
difficult  to  forge,  machine  or  work,  but  vanadium,  when  added  to 
chrome-steel,  reduces  this  brittle  hardness  to  such  an  extent  that  it 
can  be  machined  as  readily  as  a  0.40  per  cent  carbon  steel,  and  it 
forges  so  much  more  easily  that  the  Ford  front  axle — shown  twisted 
in  Fig.  3 — which  is  52  inches  long,  2  inches  deep,  of  I-beam  section, 
with  the  web  only  3/16  inch  thick,  is  being  forged  in  three  heats.  The 
first  heat  is  used  to  forge  the  straight  I-beam  part;  the  second  heat 
is  used  to  forge  the  arm  for  the  steering-rod  connection  and  the 
projections  for  the  steering  pivot  on  one  end,  while  the  third  heat 
is  required  to  forge  the  same  on  the  other  end  of  the  axle.  Auto- 
mobile axles  of  similar  design,  when  formed  out  of  chrome-nickel 
steel,  require  from  15  to  20  heats  to  give  them  the  proper  shape,  and 
even  then  the  dies  give  a  great  deal  of  trouble.  For  this  reason  the 
nickel  or  chrome-nickel  axles  are  usually  forged  in  two  halves,  and 
welded  together  in  the  center  by  the  electric  welding  process. 

That  vanadium  steel  can  be  machined  as  easily  as  ordinary  carbon 
steel,  that  is,  running  at  the  same  speed  and  using  high-speed  tools, 
is  testified  by  the  Ford  Motor  Co.:  "We  find  in  actual  practice  that 
vanadium  steel  costs  no  more  than  ordinary  carbon  steel  and  vastly 
less  than   nickel,  because   of  the  saving  in   machining,   forging   and 
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tempering,  and  the  greater  accuracy  we  are  able  to  obtain,  owing  to 
uniformity  of  metal  and  the  lighter  weight  of  metal  we  are  capable 
of  using,  owing  to  its  great  strength." 

Fig.  3  shows  the  comparative  amounts  of  torsion  which  vanadium 
and  some  other  steels  will  stand  by  twisting.  Table  VI.  gives  results 
of  tests  on  various  kinds  of  steel.  A  is  a  0.06  per  cent  carbon  steel, 
heat-treated.  B  is  a  0.07  per  cent  nickel  steel,  heat-treated.  The 
others  are  all  taken  from  the  same  bar  of  vanadium  steel  and  sub- 


table  vn. 

Tensile    Strength  Elastic  Limit  K  Ion  gat  ion  Reduction 

Specimen  in   pounds  lu  pounds  in  -  inches,  of  Area, 

per  square  Inch  per  square  inch  per  cent  per  cent 

1  88,000  64,500  29  59 

2  98,750  67,500  25  77 

3  127,500  110,000  14  59 

4  147,000  140,750  17  57 

5  165,000  155,000  16  55 

6  176,500  175,000  7  27 

jected  to  different  degrees  of  heat-treatment     F  merely   shows   the 
ultimate  strength  obtainable. 

Vanadium  steel  can  also  be  given  a  wide  range  of  strengths  to- 
gether with  hardness  or  softness  by  properly  heat-treating.  This  is 
best  shown  by  the  accompanying  Table  VII.  of  test  bars  which  were 
pulled  on  an  Olsen  testing  machine  by  the  Ford  Motor  Co.  The 
test  bars  were  all  made  out  of  one  bar  of  steel.  Specimens  1  and  2 
are  in  their  softest  condition;  specimen  3  is  in  the  condition  of  an 
axle;   specimens  4  and  5  are  in  the  crankshaft  condition;   and  speci- 

TABLE    VIII. 

Falling  n   . 

Pendulum       Alternating    Weight    on  ,,.,     tary 

vinH  «f  «♦«.!  Impact.  Impart.  Notched  »  »>ratiOD«, 

Kind  of  Steel  Koot.  NuIll,„.r  0f  liar.  Nui«»«t   of 

pounds  Stresses        Number    of        Kevolu- 

lllows  tloU8 

Carbon  axle  stock 12.3  960  25  6,200 

Nickel   axle   stock 14.0  800  35  10,000 

Vanadium  axle  stock 16.5  2700  69  67,500 

Vanadium  crankshaft  stock 12.0  1850  76              

Vanadium  mesh  gear  stock....  6.0  800                            


men  6  is  in  a  mesh  gear  condition.  Other  tests  have  shown  much 
higher  strengths,  but  the  remarkable  features  of  these  tests  are  the 
way  the  elastic  limit  has  been  brought  up  nearly  to  the  tensile 
strength,  and  the  high  reduction  of  area. 

While  the  static  strengths  before  stated  arc  and  can  be  made  the 
equal  of  almost  any  alloy  steel,  it  is  in  the  dynamic  properties  that 
vanadium  steel  excels  all  others,  and  those  are  becoming  more  and 
more  the  real  tests  of  steel  for  use  in  moving  machinery  or  where 
strains  other  than  a  direct  pull  are  put  upon  it.  These  properties  of 
vanadium  steel  as  compared  with  carbon  and  nickel  steel  are  shown 
by  the  tests  given  in  the  accompanying  Table  VIII. 


CHAPTER    IV 


MANGANESE  STEEL 

The  following  information  on  the  subject  of  manganese  steel  is, 
mainly,  abstracted  from  a  paper  by  Mr.  F.  E.  Johnson,  read  before  the 
Association   of   Engineering   Societies,   October   21,   1910. 

Manganese  steel  was  first  successfully  produced  by  the  Hadflelds 
in  England  about  thirty  years  ago,  and  was  known  as  "Hadfield  steel." 
It  was  first  made  in  the  United  States  by  the  Taylor  Iron  &  Steel 
Co.,  of  High  Bridge,  N.  J.  About  1905  other  foundries  in  this  country 
took  up  its  production,  but  they  soon  discovered  that  it  was  a  very 
difficult  metal  to  produce  successfully,  and  comparatively  few  foundries 
are  today  engaged  in  manganese-steel  making,  i  In  fact,  the  manufac- 
ture in  the  United  States  is  almost  entirely  confined  to  two  companies, 
the  one  mentioned  above,  and  the  Edgar  Allen  American  Manganese 
Steel  Co.  The  latter  firm  has  two  foundries,  one  at  Chicago  Heights, 
111.,  and  one  at  Newcastle,  Del. 

We  might  define  manganese  steel  as  a  metal  of  the  following  com- 
position : 

Per  Cent 

Manganese  11.00  to  15.00 

Carbon   1.00  to     1.20 

Silicon    0.25  to    0.40 

Phosphorus 0.06  to    0.11 

Sulphur 0.02  to     0.06 

Balance,  iron. 

Variations  from  the  composition  given  above  have  been  tried,  and 
steel  has  been  made  containing  anywhere  from  8  to  35  per  cent  of 
manganese,  but  commercial  manganese  steel  contains  at  present  about 
10  to  15  per  cent  of  manganese  and  1  per  cent  of  carbon,  these  two  con- 
stituents being  the  chief  factors  in  manganese-steel  making.  Great 
care  must  be  exercised  in  the  manufacture  so  that  the  percentages  of 
these  two  constituents  are  in  the  right  proportion.  Too  much  carbon 
and  not  enough  manganese  makes  the  steel  brittle. 

Manganese  steel  is  considered  a  very  hard  metal,  because  of  the  fact 
that  it  cannot  be  machined  as  readily  as  ordinary  iron  or  steel.  In 
fact,  it  is  practically  impossible  to  machine  it  with  even  the  highest 
quality  of  tool  steel.  Tests  made  on  the  scleroscope  indicate  a  hard- 
ness of  about  30  for  Bessemer  steel,  from  40  to  50  for  manganese  steel, 
and  from  65  to  70  for  chilled  cast  iron;  yet  it  has  been  demonstrated 
again  and  again  that  manganese  steel  will  outwear  chilled  cast  iron 
many  times  over.  In  general,  it  is  safe  to  say  that  it  will  wear  from 
four  to  eight  times  as  long,  depending  upon  the  purpose  it  Is  used 
for  and  the  conditions  under  which  it  works.    The  secret  of  the  resist- 
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ante  of  manganese  steel  to  abrasive  action  seems  to  be  due  to  its 
ability  to  "How"  or  endure  repeated  distortion.  Under  abrasive  action 
it  simply  moves  away  from  one  place  to  another,  but  does  not  actually 
wear  off.  One  tan  take,  for  example,  a  square  corner  of  a  piece  ot 
manganese  steel  and  peen  it  over,  and  then  pound  it  back  to  a  square 
turner,  and  keep  up  this  operation  without  actually  being  able  to 
remove  any  material. 

Manganese  steel  is  very  sensitive  to  heat.  A  statement  giveu  out  by 
the  Edgar  Allen  American  Manganese  Steel  Co.  contains  some  iflterest- 
iug  information  on  this  point.  Manganese-steel  castings  should  never 
be  heated,  because  if  heated  to  a  temperature  of  only  400  degrees  F-, 
they  will  lose  their  toughness  and  strength  to  a  remarkable  degree. 
This  applies  to  tastings  or  plain  design:  castings  of  irregular  design  do 
not  even  stand  as  high  a  heat  as  400  degrees  P.  A  casting  which  is 
in  perfect  conditio!)  and  free  from  internal  stresses  at  the  time  it 
leaves  the  foundry  is  very  likely  to  break  or  crack  if  heated.  The 
company  strongly  disclaims  any  responsibility  for  the  breakage  of  any 
manganese-steel  castings  which  have  been  heated  after  their  ship- 
ment (rom  the  company's  foundry. 

Manganese  steel  will  not  become  a  permanent  magnet;  hence  it  I» 
used  for  disks  in  magnetic  hoists,  as  the  smallest  particle  of  iron  or 
steel  will  not  cling  to  it  after  the  current  is  shut  off.  The  tensile 
strength  of  early  specimens,  determined  by  Hadfield  in  England,  was 
150.000  pounds  per  square  inch,  with  an  eloagatlon  as  high  as  50  per 
cent.  The  average  commercial  steel  of  today,  however,  has  a  tensile 
strength  ol  82,000  pounds  per  square  inch,  an  elastic  limit  of  45,000 
pounds  and  an  elongation  of  30  per  cent  Forged  manganese  steal 
will  give  better  results,  but  there  is  very  little  commercial  forged 
manganese  steel  made  at  this  time. 

Manufacture  of  Manganese  Steel 

The  manufacture  of  manganese  steel  is  carried  on  with  a  great  de- 
gree of  secrecy,  and  for  this  reason  lull  information  on  some  of  the 
processes  employed  cannot  be  given.  The  steel  is  composed  chiefly  of 
a  mixture  of  scrap  iron  and  pig.  this  mixture  being  very  carefully 
made  up  according  to  the  predetermined  composition  of  the  steel. 
The  mixture  is. melted  in  an  ordinary  cupola  such  as  is  used  in  any 
foundry,  and  is  then  run  Into  a  converter  and  blown  quite  similarly  to 
Bessemer  steel.  This  process,  however,  is  carried  out  with  great  tare 
and  is  directed  by  one  man  only,  who  operates  everything  from  the 
rcntral  station  or  platform  close  to  the  converters.  After  the  steel  Is 
blown,  it  is  poured  into  large  ladles  from  which  the  slag  Is  removed. 
The  manganese,  which  has  previously  been  melted  in  graphite  crucibles 
under  intense  heat,  is  then  added.  From  the  large  ladles  it  is  poured 
Into  sand  molds  which  arc  practically  the  same  as  ordinary  molds  for 
cast  iron. 

One  difficulty  with  manganese-steel  castings  is  the  excessive  shrink- 
age when  cooling.     Manganese  steel  shrinks  5/lti  inch  per  foot,  which 
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is  nearly  three  times  as  much  as  the  shrinkage  of  ordinary  cast  iron. 
All  ladles  and  molds  are  kept  very  hot  so  as  not  to  chill  the  metal 
before  it  is  poured,  as  in  this  case  a  homogeneous  casting  could  not  be 
produced.  After  the  casting  process  is  completed,  the  castings  are 
all  subjected  to  a  heat-treatment,  or  both  heat-treatment  and  water 
submergence.  This  part  of  the  process  is  kept  secret  by  the  manu- 
facturers. 

Manganese-steel  castings  can  only  be  successfully  made  to  certain 
sizes  as  regards  length  and  particularly  as  regards  cross-sectional  area, 
the  thickness  being  the  prime  factor.  The  greatest  thickness  of  any 
section  that  has  been  successfully  cast,  up  to  date,  is  about  4%  inches. 
It  is  also  very  difficult  to  cast  small  or  thin  sections,  the  lower  limit 
being  about  %  inch  for  ordinary  castings.  The  reason  that  the  thick- 
ness is  so  important  is  because  of  the  after  treatment,  which  apparently 
will  only  penetrate  to  a  certain  depth.  Thin  sections  are  limited  by 
the  flow  of  the  metal. 

Owing  to  the  fact  that  manganese  steel  cannot  be  cut  by  ordinary 
cutting  tools,  all  machining  on  manganese-steel  castings  must  be  done 
by  means  of  grinding.  Sometimes  steel  bushings  and  other  pieces 
of  ordinary  soft  steel  are  inserted  in  the  molds  and  cast  into  the 
casting,  making  it  possible  to  bore  out,  drill  or  tap  the  casting  at  cer- 
tain places.  For  example,  the  hubs  for  car  wheels  may  be  provided 
with  soft  steel  bushings,  and  soft  steel  inserts  may  be  provided  for 
set-screws,  etc. 

Uses  for  Manganese  Steel 

The  uses  of  manganese  steel  are  not  very  extensive  at  present,  due 
partly  to  its  high  first  cost,  and  partly  to  the  difficulty  of  machining 
the  steel.  It  is  used  mostly  for  castings  subjected  to  heavy  strains 
and  shocks  and  excessive  wear,  such  as  the  wearing  parts  of  steam 
shovels,  ore  and  rock  crushers,  mining  machinery,  etc.  It  is  also  used 
to  a  considerable  extent  for  safes.  When  rolled  and  forged,  it  is 
used  for  rails,  frogs  and  crossings.  The  use  of  manganese  steel  has 
made  it  possible  to  cut  down  the  maintenance  cost  for  many  machines 
very  materially. 

It  may  be  of  interest  to  emphasize  the  fact  that  manganese  steel 
has  proved  itself  efficient  when  used  in  cases  where  it  is  subjected  to 
shocks.  An  idea  prevails  among  railway  engineers  that  this  steel  will 
not  stand  shocks.  As  an  experiment,  therefore,  a  manganese-steel  frog 
weighing  800  pounds  was  bent  under  a  drop  weight.  The  frog  was 
subjected  to  165  blows  from  a  weight  ranging  from  1250  to  2500  pounds 
and  falling  from  a  height  varying  from  3  to  23  feet,  the  total  energy 
exerted  being  nearly  1,700,000  foot-pounds.  No  fracture  or  impair- 
ment of  any  nature  could  be  discovered.  There  are  hundreds  of 
manganese-steel  frogs  and  cross-overs  now  in  use.  At  the  North- 
western Terminal,  in  Chicago  alone,  there  are  200  frogs  of  this  kind 
installed. 
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Titanium  is  one  or  the  elements  that  have  been  successfull: 
improve  tlie  quality  of  steels,  it  has  also  been  very  successfully  used 
for  cast  iron  and  for  some  of  the  noD-ferroua  metals.  The  first  heat 
of  titanium  steel  made  in  America  was  poured  in  1907,  and  since  that 
time  a  great  deal  of  investigation  has  been  conducted  and  many  ei- 
parlmeati  have  been  made.  These  tests  have  shown  that  when  ferro- 
titanium  has  been  added  to  steel  or  iron  in  very  small  quantities,  it 
has  greatly  strengthened  these  metals  and  improved  their  qualities  in 
other  ways;  it  can  now  be  considered  one  of  the  best  of  purifying  ele- 
menta  that  have  been  used  in  the  manufacture  of  steel. 

Titanium  belongs  to  the  same  chemical  group  as  silicon,  and  three 
other  elements  that  are  quite  rare.  It  forms  a  compound  with  oxygen, 
called  titanium  dioxide  (TIO,),  occurring  in  nature  in  three  distinct 
forms,  the  principal  one  being  the  tltanlferous  iron  ore  so  often  en- 
countered. In  some  respects  it  resembles  carbon.  Like  many  of  the 
other  elements,  it  Is  very  difficult  to  control  and  make  use  of  when 
a  natural  Ingredient  of  the  Iron  ores:  it  is  therefore  necessary  to 
separate  it  In  the  electric  furnace  and  manufacture  it  into  ferro- 
tltaulum  containing  from  12  to  15  per  cent  titanium,  about  6  per  cent 
of  carbon  and  B  per  cent  of  all  other  impurities,  with  the  balance  iron. 
This,  when  correctly  added  to  steel  or  iron,  can  be  made  very  bene- 
ficial. With  this  percentage  of  titanium,  it  enters  into  almost  instant 
solution;  but  as  titanium  has  a  much  higher  melting  point  than  iron, 
a  higher  percentage  would  cause  the  titanium  to  segregate  and  no 
beneficial  results  would  be  obtained. 

While  nickel,  chromium,  molybdenum  and  tungsten  add  certain  good 
qualities  to  steel,  none  of  these  combines  with  nitrogen,  thus  remov- 
ing It  from  the  metal,  in  the  way  titanium  does.  Its  combination  with 
nitrogen  gas  takes  place  with  the  evolution  of  heat,  and  it  is  the  only 
undisputed  example  of  the  combustion  of  an  element  in  nitrogen. 
When  heated  In  oxygen  It  creates  an   instantaneous  dazzling   flame. 

That  oxygen  and  nitrogen  are  very  injurious  to  steel  and  decrease 
Its  strength,  wearing  qualities,  etc.,  Is  now  a  recognised  fact;  that 
these  elements  are  present  In  larger  quantities  than  has  been  previ- 
ously supposed  is  also  recognized.  When  titanium  is  added  to  the 
molten  metal,  it  combines  with  these  gases,  which  otherwise  are 
liable  to  become  occluded  in  the  steel,  and  carries  them  off  into  the 
slag.  These  gases  also  form  miniature  bubbles  that,  when  segre- 
gated, form  holes  large  enough  to  be  plainly  seen.  If  segregated  in 
large  enough  masses  they  form  good-sized  blow-holes. 

Oxide  forms  when  oxygen  comes  in  contact  with  iron,  and  is  present 
in  very  small  black  specks  throughout  the  steel.     This  oxide 
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be  seen  when  the  surface  has  been  perfectly  polished  and  magnified 
at  least  1000  times.  It  is  invariably  found  in  steels  that  produce 
blisters  when  pickling,  and  this  leads  to  the  conclusion  that  the 
blisters  are  formed  by  the  reduction  of  oxide  by  the  hydrogen  evolved 
during  the  pickling  process.  High-carbon  steel  rods  that  contain  the 
same  impurities  occasionally  fracture  in  the  pickling  bath,  and  doubt- 
less the  same  pressure  that  blows  a  blister  in  mild  steel  will  cause  a 
rupture  in  hard  steel. 

Owing  to  the  gaseous  nature  of  both  oxygen  and  nitrogen,  it  has 
been  difficult  to  analyze  steels  for  these  contents.  Some  recent  in- 
vestigations, however,  showed  that  the  percentage  of  oxygen  in  some 
twenty-four  samples  of  steel  ranged  from  0.021  to  0.046  per  cent 
These  percentages  may  seem  to  be  so  extremely  small  that  they  could 
be  ignored.  But  the  amount  of  an  element  present,  however,  should 
not  alone  be  considered,  when  judging  its  influence  on  steel;  the  com- 
binations that  the  element  forms  should  be  taken  into  consideration. 
When  mention  is  made  of  0.05  per  cent  of  sulphur,  it  is  in  reality  the 
0.13  per  cent  of  manganese  sulphide  that  affects  the  quality  of  the 
metal.  Oxygen  has  only  half  the  atomic  weight  of  sulphur  and  is 
capable  of  forming  larger  quantities  of  compounds;  therefore,  it  ex- 
erts a  greater  influence.  Thus  where  0.05  per  cent  of  sulphur  cor- 
responds to  0.13  per  cent  of  manganese  sulphide,  0.05  per  cent  of 
oxygen  corresponds  to  0.22  per  cent  of  ferrous  oxide.  This  percentage 
is  therefore  high  enough  to  very  materially  affect  the  qualities  of 
steel. 

Influence  of  Nitrogen  on  Steel 

It  has  been  shown  by  some  recent  investigations  that,  at  first,  an 
increase  of  nitrogen  causes  the  toughness  of  steel  to  slightly  increase, 
but  reduces  its  ductility;  each  increase  of  nitrogen  causes  the  elonga- 
tion to  rapidly  diminish.  Steel  with  0.5  per  cent  carbon  loses  its 
ductility  in  the  presence  of  0.040  to  0.047  per  cent  of  nitrogen.  In 
a  one  per  cent  carbon  steel,  the  elongation  and  contraction  become  nil 
when  the  nitrogen  content  reaches  0.030  to  0.035  per  cent.  In  the 
softer  steels,  this  happens  when  the  nitrogen  content  reaches  0.050  to 
0.065  per  cent,  and  in  the  very  soft  steels,  with  about  0.08  per  cent 
of  nitrogen. 

Open-hearth  steel  usually  contains  from  0.020  to  0.025  per  cent  of 
nitrogen;  Bessemer  steel  from  0.018  to  0.062  per  cent;  and  crucible 
steel  runs  from  0.010  to  0.015  per  cent  in  nitrogen.  Thus,  a  nitrogen 
content  of  at  least  0.012  per  cent  must  nearly  always  be  reckoned 
with.  Steels  made  in  the  resistance  electric  furnace  are  an  exception 
to  this,  as  they  are  practically  free  from  nitrogen.  Steels,  however, 
that  are  made  in  the  arc  electric  furnaces,  in  the  presence  of  basic 
slags,  are  liable  to  contain  injurious  amounts  of  nitrogen. 

Titanium  has  a  very  strong  affinity  for  both  oxygen  and  nitrogen; 
it  forms  with  oxygen  an  oxide,  and  with  nitrogen,  a  stable  nitride 
that  shows  as  tiny  red  crystals  under  the  microscope.  Both  of  these 
are  then  carried  off  into  the  slag  and  the  quantity  of  slag  that  is  lifted 
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fruni  the  molten  metal  is  quite  materially  increased.  The  deoxidaliou 
(if  steel  is  usually  accomplished  with  manganese  and  silicon,  but 
these  oever  remove  the  oxides  as  thoroughly  as  is  desired.  Titanium 
ia  a  much  more  powerful  deoxidizer  than  either  or  both  of  these; 
when  added  to  steel  at  the  time  of  tapping,  it  completes  their  un- 
finished work  and  reduces  the  oxygen  and  nitrogen  to  mere  traces. 
If  a  greater  amount  of  titanium  is  used  than  is  needed  to  remove  the 
oxides  and  nitrides,  it  will  afterward  attack  the  sulphur  and  phos- 
phorus and  if  it  does  not  remove  them,  it  counteracts  their  injurious 
effects  upon  the  steel.  The  phosphorus  may  be  made  to  pass  into  the 
slag  as  phosphate  of  titanium  by  using  special  means.  The  reaction 
of  titanium  on  the  sulphur  has  a  tendency  to  carry  it  off  in  the  form 
of  a  sulphide  or  Bulpho-eyanidc  of  titanium.  Cupro-ammonlum  etching 
tests  show  the  low  sulphur  and  phosphorus  content  of  titanium-treated 
steel.  The  very  energetic  reaction  of  the  titanium  and  nitrogen  takes 
place  at  a  temperature  of  about  1475  degrees  F.  The  good  effects  of 
their  union  can  easily  be  lessened  by  a  careless  shutting  off  of  air,  thus 
permitting  the  formation  of  titanium  and  nitrogen  combinations  that 
are  of  no  value. 

How  easily  nitrogen  finds  its  way  Into  steel  Is  shown  by  a  heat  of 
Bessemer  steel  that  had  been  over-blown  three  minutes.  This  was 
Tound  to  contain  0.032  per  cent  of  nitrogen,  whereas  the  normal  steel 
contained  only  from  0.012  to  0.022  per  cent.  Another  heat  of  Bessemer 
steel  containing  from  0.013  to  0.014  per  cent  of  nitrogen  was  treated 
with  one  per  cent  of  titanium  and  this  reduced  the  nitrogen  to  from 
0.004  to  0.005  per  cent 

Method  of  Adding  Titanium 

When  possible,  it  la  always  best  to  add  the  ferrO'titanlum  to  the  steel 
while  it  is  being  tapped  into  the  ladle,  and  after  the  ferro-mangauese 
has  been  added.  It  is  lighter  than  iron  and  would  not  sink  and  dis- 
seminate if  it  were  added  near  the  top;  hence,  it  should  be  shoveled 
in  gradually  while  the  steel  is  flowing  into  the  ladle.  Titanium-treated 
steels  should  he  held  in  the  ladle  for  from  5  to  15  minutes  before  pour- 
ing, in  order  to  allow  the  titanium  to  do  its  work  and  scavenge  out 
the  oxygen  and  nitrogen.  It  is  difficult  to  influence  steel  makers  to 
hold  the  steel  that  long  In  the  ladle,  as  without  the  tltauium  it  would 
become  chilled  in  a  much  shorter  time.  Titanium,  however,  raises  the 
temperature  and  the  metal  Is  in  better  condition  for  pouring  after 
standing  than  before.  Owing  to  an  accident,  one  ladle  had  to  be  held 
20  minutes  after  tapping  and  adding  the  titanium  and  it  was  then 
found  to  be  in  better  condition  for  teeming  Into  ingots  than  the 
ordinary  steel  that  is  teemed  as  soon  as  the  ladle  is  filled.  This  is  a 
statement  that  is  very  difficult  to  make  steel  makers  believe;  but 
the  evidence  is  very  conclusive  and  can  easily  be  obtained. 

When  commencing  the  use  of  titanium,  one  per  cent  should  be 
added  to  the  bath;  this  can  gradually  be  reduced  until  the  beneficial 
results  obtained  reach  the  high  point  and  begin  to  diminish.     In  most 
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cases  one-half  of  one  per  cent  Is  all  tbat  can  be  made  to  benefit  the 
metal.  In  manufacturing  Bessemer  steel  rails,  this  latter  percentage 
only  increases  their  cost  about  |1.50  per  ton.  It  1b  antagonistic  to 
aluminum  and  the  two  should  never  be  used  together,  for  aluminum 
adds  brittleness  to  steel,  while  titanium  removes  brittleness. 

By  removing  the  oxygen  and  nitrogen,  titanium  prevents  the  forma- 
tion of  blow-holes  in  steel.  This  Is  well  Illustrated  by  the  two  pieces 
shown  in  Fig.  4.  The  one  containing  blow-holes  was  cast  without  any 
titanium,  while  the  piece  without  blow-holes  was  cast  from  the  same 
metal  after  0.5  per  cent  of  titanium  had  been  added.  The  reaction  of 
the  titanium  raises  the  temperature  of  the  bath  and  makes  it  more 
liquid  by  freeing  it  from  the  free  oxide  and  slag.  This  allows  the 
metal  to  subside  In  the  mold  while  cooling  and  the  pipe  is  smaller 
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and  flatter.  The  metal  invariably  lies  dead  in  the  ingot  molds  and  does 
not  boil.  By  removing  the  occluded  gases  and  Blag  from  steel,  titanium 
increases  the  density  of  the  Metal 'and  retards  any  (endency  towards 
segregation,  thus  making  a  much  more  homogeneous  metal.  It  also 
increases  the  tensile  strength,  elastic  limit,  contraction,  transverse 
Btrength  and  ductility  of  steel.  It  greatly  improves  its  resistance  to 
frictlonal  or  abrasive  wear,  and  resistance  to  shock,  torsional  and  im- 
pact strains. 

Testa  of  Titanium  Steel 

One  example  of  the  ability  of  titanium  steel  to  withstand  torsional 
strains  was  obtained  by  twisting  through  seven  complete  revolutions 
&  bar  four  feet  long  and  one  and  one-eighth  Inch  square ;  there  was  no 
sign  of  a  fracture.  The  Brinell  hardness  test  shows  a  titanium-treated 
steel  to  be  softer  than  one  not  treated  with  titanium. 

One  recent  test  of  some  structural  steel  showed  that  before  It  was 
treated  with  titanium,  ft  had  a  tensile  strength  of  67.000  pounds  per 
square  inch  and  an  elastic  limit  of  42,000  pounds,  the  elongation  being 
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24  per  cent,  and  the  contraction,  40  per  cent.  After  this  same  metal 
had  been  treated  with  0.50  per  cent  of  titanium,  the  tensile  strength 
was  77.120  pounds  per  square  inch,  the  elastic  limit,  51,750  pounds,  the 
elongation.  25  per  cent,  and  the  contraction,  43  per  cent. 

Another  heat  of  Bteel  that  was  rolled  into  billets  and  then  Into  Iron 
rods  of  slightly  less  than  %  inch  diameter,  bad  a  tensile  strength  of 
114.400  pounds  per  square  Inch,  an  elastic  limit  of  91.000  pounds  per 
square  inch,  an  elongation  of  28  per  cent,  and  a  contraction  of  E2 
per  cent;  ordinarily.  90.000  to  95.000  pounds  per  square  inch  la  the 
tensile  strength  of  thiB  metal.  This  20  per  cent  increase  in  tensile 
strength  was  doubtless  due  to  the  titanium  removing  the  occluded 
gases  and  slag. 

The  resistance  of  titanium  steel  to  abrasive  or  frlctlonal  wear  Is  well 
shown  by  comparing  the  steel   rails  illustrated  by   Pigs.  5  and  6.     In 
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Fig.  6  Is  shown  an  ordinary  Bessemer  rail  that  was  laid  October  7, 
1909,  and  measured  July  8,  1910,  to  get  the  shape  as  shown  and  thus 
show  the  amount  of  wear.  Pig.  6  shows  the  shape  of  a  titanium  treated 
Bessemer  rail  that  was  laid  next  to  that  shown  In  Fig.  5  on  the  same 
date  and  measured  on  the  same  date.  The  ordinary  Bessemer  rail 
lost  7.03  pounds  per  yard  during  the  9-month  wear,  white  the  titanium 
treated  rail  only  tost  1.39  pound  per  yard.  Another  method  of  test- 
ing for  abrasive  wear  is  performed  with  the  machine  shown  in  Fig. 
7.  This  Bhows  a  section  of  a  steel  rail  placed  upon  the  top  of  a  re- 
volving plate,  coated  with  abrasives,  and  held  down  by  a  lever.  On 
the  handle  of  this  lever  a  block  of  Iron  of  known  weight  is  hung,  as 
shown. 

Titanium  treated  steels  have  recently  been  extensively  tried  for 
gears,  plates,  rolls,  tires,  castings,  etc.,  and  have  almost  Invariably 
shown  a  reduction  of  brittleness  and  an  increase  of  durability.  One 
method  of  testing  this  is  by  the  machine  shown  in  Fig.  8.  In  this,  bar 
A  Is  held  In  the  machine  and  bent  around  a  1-,  2-  or  3-lnch  center,  as  the 
case  may  be,  located  at  B.  Different  sized  centers  are  shown  at  C, 
D  and  E. 
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d  the  iulphur  and  phosphorus  slightly  Increased,  the  effect  of  the 
titanium  remaining  practically  the  same  as  before. 

The  endurance  of  titanium  treated  steel  has  been  well  demonstrated 
by  tests  that  were  given  it  on  the  White-Souther  rotary  vibrational 
testing  machine  shown  In  Fig.  9.  An  open-hearth  steel  that  con- 
tained 0.25  per  cent  carbon,  0,64  per  cent  manganese,  0.425  per  cent 
silicon,  0.04  per  cent  phosphorus,  and  0.035  per  cent  sulphur,  with- 
stood 2.660,000  revolutions  at  a  fiber  stress  of  38,870  pounds.  After 
this  same  steel  had  been  treated  with  titanium,  it  was  given  4,052,200 
revolutions  at  the  same  fiber  stress,  namely,  38.870  pounds.  The  stress 
*U   then   increased   to   40,600   pounds   and   the   piece   stood   10.800.700 

TABLE    IX.     DROP    TESTS    OF    KAILS 
Number  of  Drop 


Deflection  in  Incbu 


Straight 
Straight 
Straight 
Bant  other  way 
Straight 

Broke 
Straight 
Straight 
Straight 
Straight 
Straight 

Bent 

Bent 


Broke 
Broke 
Broke 
As  before 
Broke 

ignite  straight 

Broke 

Broke 
Quite  straight 
Flange  broke 
Flange  broke 
Flange  broke 

Max-k>*try 


additional  revolutions  without  a  fracture.  The  fiber  stress  was  again 
increased  to  42,400  pounds  and  the  piece  given  1,918,600  more  revolu- 
tions. The  stress  was  increased  a  third  time  to  44.200  pounds  and 
I  was  given  an  additional  1,006,300  revolutions  before  It  broke. 
i  a  total  of  18,274,900  revolutions;  for  the  titanium  steel,  many 
«f  which  were  given  It  at  an  increase  of  fiber  stress,  as  against  2.6b'0.ubHJ 
revolutions  for  the  untreated  steel. 

For  these  tests  a  bur  is  placed  in  the  machine  as  shown  at  F.  and 
■evolved  by  the  belt  and  pulley  while  the  weights  located  at  (1  and  H 
i  the  fiber  stress.  As  it  Is  well  known  that  Iron  is  ductile  In 
proportion  to  its  purity,  this  Increase  In  rotary  vibrational  strains  can 
j  be  attributed  to  the  purifying  properties  of  the  titanium  which 
r  removing  the  oxygen,  nitrogen,  etc.,  Increases  the  cohesive  force 
>etw6en  the  molecules  and  makes  the  steel  more  homogeneous.  In 
ncreailng  the  ductility  it  does  not  soften  the  metal  enough  to  weaken 
n   the  contrary   increases  Its  strength,      lly   removing  th»  it- 
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machines  have  a  cyclometer  attached  to  register  the  number  of  revo- 
lutions or  alternations  given  the  sample. 

Impact  tests  of  the  steel  are  made  in  the  machine  shown  Id  Fig.  11. 
In  this,  only  the  lower  part  of  the  machine  could  be  shown,  as  ft 
passes  through  the  celling.  The  upper  part  Is  only  a  guide  for  the 
weight  and.  in  this  machine,  extends  20  feet  above  the  platen.  The 
test  piece  is  placed  on  platen  E,  and  weight  L  Is  dropped  on  it,  from 
a  given  height  When  weight  L  strikes  the  test  piece,  the  springs 
under  platen  A*  cause  pointer  jV  to  register  the  foot-pounds  of  the 
blow,  on  dial  M. 

Some  tests  on  titanium  treated  steel  rails  that  were  85  pounds  to 
the  yard  were  conducted  In  a  similar  way.  Ralls  were  cut  up  into 
3-foot  6*lnch  lengths,  laid  on  supports  three  feet  apart,  and  a  weight. 


TASLE  Z.     TTTSinXQ  TESTS 

VITH    TOOt 

STEEL 

Nlmb[t 

Titanium 

Depth  of      Width  of 

Speed  In 

Minutes 

Condition 

Content. 

Tool  WM 

or  Tool 

Tool 

FerCent 

Minute 

U*ed 

■tEnd 

, 

Non« 

, 

i 

37 

70.0 

Blunt 

2 

N..,,e 

i 

27 

71.5 

Blunt 

H 

0.2.1 

A 

i 

27 

100.2 

Blunt 

4 

0.85 

A 

I 

37 

117. a 

Blunt 

5 

A 

i 

82 

28.2 

Blunt 

a 

Rum 

i 

82 

42.8 

Blunt 

7 

0  25 

A 

i 

68.8 

Blunt 

8 

0  35 

5; 

i 

n 

76.4 

Blunt 

■ 

,-, 

51) 

25.4 

Blunt 

10 

'A 

A 

50 

70.8 

Blunt 

11 

0  20 

a 

A 

50 

07.2 

Blunt 

12 

on 

X 

A 

50 

138.2 

Blunt 

HaVhteMT 

of  2000  pounds  dropped  on  them  from  a  height  of  17  feet.  Three  blows 
were  given  on  the  head  and  the  deflection  measured.  Then  the  rail  was 
turned  over  and  the  fourth  and  fifth  blows  were  given  on  the  base. 
Table  IX  gives  the  results  of  these  tests. 

Titanium  in  Tool  Steels 
Titanium-treated  steel  can  be  made  by  the  crucible  process  and 
only  increases  the  cost  of  the  metal  {2.50  per  ton  when  one  per  cent 
of  titanium  Is  used.  Some  experiments  and  tests  were  conducted  on 
titanium  steels  in  Sheffield,  England.  In  these  steels  enough  titanium 
was  used  to  give  0.25  per  cent  and  0,35  per  cent  of  the  titanium  In 
the  finished  steel.  An  ordinary  tool  steel  with  a  tensile  strength  of 
127,000  pounds  per  square  inch  was  used.  Sin  lathe  tools  were  made 
from  It  before  the  titanium  was  used.  The  metal  was  then  treated  with 
titanium  and  six  more  tools  made.  One  tool  with  titanium  and  one 
without  turned  the  same  bar  at  the  same  time.  Thus  tools  1  and  3. 
5  and  7,  and  9  and  11  were  used  together  and  tools  2  and  4,  S  and  8. 
and  10  and  12  were  used  likewise.  The  tools  were  all  given  the  same 
heat-treatment  and  the  results  that  were  obtained  are  shown  In 
Table  X. 


i 


36 


No.    118— ALLOY    STEELS 


In  some  experiments  that  were  made  by  tool-steel  makers  in  the 
Pittsburg  district,  it  was  found  that  if  0.50  per  cent  of  titanium  was 
retained  in  the  steel,  it  would  give  cutting  tools  much  greater  dur- 
ability and  high-speed  qualities.  A  special  method  is  required,  how- 
ever, to  retain  any  of  the  titanium  in  the  steel,  as  its  great  affinity  for 
oxygen  and  nitrogen  causes  it  to  go  off  into  the  slag.  By  removing  the 
impurities,  the  titanium  causes  the  metal  to  heat  more  slowly  in  the 
forge  and  also  to  retain  the  heat  longer  after  it  has  been  worked 
and  become  cold.  This  property  of  heating  more  slowly  causes  the 
cutting  edge  to  last  longer,  as  the  temper  is  retained  longer.  The  re- 
sistance to  corrosion  will  also  keep  the  tools  from  rusting,  to  a  cer- 
tain degree,  when  laid  away. 

As  steel  treated  with  titanium  shows  greater  resistance  to  abrasive 
and   frictional  wear,  it  heats  up  more  slowly  from   friction.     Thus 


TABLE  XI.     TESTS  OF  OKAY  IKON  CASTINGS  WITH  AND  WITHOUT  TITANIUM 


Without  Titanium 

1 

With  0.5  Per  Cent  of  Titanium 

Sample 

i 

Crushing 
Strength 
in  Pounds 

Deflection 

in 

Inches 

Sample 

i 

Crushing 
Strength 
in  Pounds 

Deflection 

in 

Inches 

1 
2 
8 
4 
5 
0 

2,240 
2.260 
2.010 
1,840 
1,970 
2,150 

0.10 
0.10 
0.09 
0.08 
0.08 
0.10 

1 
I          2 
1          3 
4 
5 
6 

8,050 
3,140 
8,150 
8,280 
2.850 
2,990 

0.09 
0.10 
0.10 
0.10 
0.10 
0.09 

Average 

2,078 

0.09 

Average 

3.068 

0.10 

Machinery 

whether  it  be  the  tool  or  the  work  that  is  treated  with  titanium,  the 
machine  work  can  be  performed  more  quickly,  as  the  cutting  speed 
can  be  increased;  whether  the  tools  be  of  the  carbon  or  high-speed 
kind,  makes  no  difference  about  increasing  the  speed.  One  instance  of 
the  slow  heating  of  titanium  treated  metal  was  shown  in  some  ingot 
molds  that  did  not  show  red  in  the  dark  when  filled  with  molten 
metal;  whereas  ordinary  ingot  molds  filled  at  the  same  time  and 
standing  beside  them,  were  distinctly  red  hot. 

Steel  castings  that  have  been  treated  with  titanium  are  more  blue 
in  color,  freer  from  blow-holes  and  brittleness  and  heat  up  more 
slowly  from  cutting  tools  than  ordinary  steel  castings;  they  can  thus 
be  machined  more  easily  and  rapidly.  The  No.  3  Government  specifi- 
cations for  cast  steel  have  been  difficult  to  meet  without  resorting  to 
several  heat-treatments.  They  call  for  a  tensile  strength  of  85,000 
pounds  per  square  inch,  an  elastic  limit  of  45,000  pounds  per  square 
inch,  an  elongation  after  rupture  of  12  per  cent,  and  a  contraction  of 
18  per  cent.  By  the  use  of  8  pounds  of  10  to  15  per  cent  ferro-titanium 
to  a  ton  of  metal,  the  difficulties  have  been  overcome  by  one  foundry. 
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In  fifteen  heats  before  the  titanium  was  used,  the  average  tensile 
strength  of  castings  after  the  first  annealing  was  81,63$  pounds  per 
square  inch,  the  elastic  limit  was  47,233  pounds  per  square  inch,  the 
elongation,  15.1  per  cent,  and  the  contraction,  18.9  per  cent  The 
fifteen  heats  after  this,  that  contained  titanium,  produced  castings  with 
an  average  tensile  strength  of  91,533  pounds  per  square  inch,  an  elastic 
limit  of  50,000  pounds  per  square  inch,  an  elongation  of  19.2  per  cent, 
and  a  contraction  of  24.3  per  cent  The  steel  that  entered  into  the 
castings  was  made  in  a  Tropenas  converter,  and  was  free  from  blow- 
holes, homogeneous,  and  very  uniform  in  its  properties. 

Very  exhaustive  tests  have  been  made  of  the  effect  of  titanium  in  cast 
iron  and  Table  XI  shows  the  comparison  between  gray  iron  as  cast 
without  titanium  and  with  0.5  per  cent  of  titanium  added.  These  tests 
were  made  in  the  machine  shown  in  Fig.  12.  The  test  bar  is  laid  on 
the  supports  O  and  P  while  block  R  is  forced  down  on  it.  The  de- 
flection and  number  of  pounds  required  to  break  the  piece  are  then 
measured.  The  transverse  strength  has  been  increased  from  17  to 
23  per  cent  by  the  use  of  titanium.  It  also  increases  the  breaking 
stress,  wearing  qualities  and  hardness  in  the  chill  of  cast  iron;  but 
it  decreases  the  chilling  effect. 


CHAPTER    VI 


NATURAL  ALLOY  STEEL 

Natural  alloy  steel  is  rapidly  becoming  an  important  material  in 
the  manufacturing  field.  It  derives  its  name  from  the  fact  that  the 
steel  is  manufactured  from  an  ore  in  which  nickel  and  chromium  are 
alloyed  by  nature.  While  such  ores  have  been  known  to  exist  for 
some  time,  it  is  only  within  the  last  decade  that  ores  were  discovered 
that  had  a  uniform  composition  and  existed  in  quantities  sufficiently 
large  to  warrant  their  manufacture  into  steel. 

Shortly  after  the  Spanish-American  War,  such  ore  was  discovered 
at  Mayari  and  Moa  in  the  Province  of  Oriente,  in  the  eastern  part  of 
Cuba.  These  ores  showed  a  remarkable  uniformity  of  composition  and 
covered  some  25,000  acres  on  a  plateau  on  the  northern  slope  of  a 
mountain  range.  In  this  place  there  is  something  like  1,000,000,000 
tons  of  ore  in  sight,  low  in  phosphorus  and  sulphur.  The  Pennsyl- 
vania Steel  Co.,  Steelton,  Pa.,  obtained  the  control  of  these  ore  beds 
and  is,  besides  the  Maryland  Steel  Co.,  Sparrows  Point,  Md.,  the  only 
company  manufacturing  steel  billets,  blooms,  bars,  and  miscellane- 
ous forgings  from  the  ore.  The  steel  made  by  the  Pennsylvania  Steel 
Co.  is  known  by  the  trade  name  "Mayari  steel."  Other  companies  pur- 
chase the  billets,  bars,  etc.,  and  roll  and  forge  them  into  commercial 
shapes.  The  Philadelphia  Steel  &  Forge  Co.,  Philadelphia,  Pa.,  is  one 
of  these  firms;  it  has  given  the  product  the  trade  name  "natural  alloy 
steel,"  while  the  Carpenter  Steel  Co.,  Reading,  Pa.,  calls  it  "Samson 
steel."  Both  of  these  latter  firms  make  a  specialty  of  rolling  and 
forging  shapes  suitable  for  automobile  parts,  but  they  also  manu- 
facture the  steel  into  bars  and  shapes  that  can  be  used  for  die-blocks, 
spindles,  tools,  and  for  numerous  other  purposes. 

The  various  grades  of  steel  into  which  this  ore  is  manufactured 
contain  from  1.00  to  1.50  per  cent  of  nickel;  from  0.20  to  0.70  per  cent 
of  chromium;  from  0.30  to  1.50  per  cent  of  carbon;  and  from  0.50  to 
0.80  per  cent  of  manganese;  the  silicon  is  kept  below  0.20  per  cent, 
and  the  phosphorus  and  sulphur  below  0.04  per  cent  These  two  latter 
elements,  however,  seldom  reach  0.035  per  cent,  and  a  phosphorus  .con- 
tent that  is  below  0.02  per  cent  is  often  obtained.  The  commercial 
stock  is  manufactured  in  two  grades,  one  of  which  contains  between 
0.20  and  0.40  per  cent  of  chromium,  and  the  other  between  0.40  and 
0.70  per  cent.  Both  of  these  can  be  obtained  in  any  of  the  following 
carbon  percentages:  0.15,  0.20,  0.25,  0.30,  0.35,  0.40,  0.45  and  0.50  per 
cent.  Another  brand  that  is  used  to  a  large  extent  for  leaf  springs, 
and  also  for  other  purposes,  contains  from  0.90  to  1.50  per  cent  of  car- 
bon and  between  0.20  and  0.40  per  cent  of  manganese,  which  is  in 
accordance  with  the  spring  steel  specifications  of  the  Pennsylvania 
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Railroad  Co.  Titanium,  vanadium  and  other  purifying  materials  can 
be  added  to  the  steel  if  it  is  so  desired,  and  thus  further  enhance  the 
physical  properties. 

These  natural  alloy  steels  are  carefully  made  by  the  open-hearth 
process  and  are.  In  the  heat-treated  condition,  in  every  way  the  equal 
to  3%  per  cent  nickel  steel.  In  some  ways  they  are  superior  to  this 
steel  and  especially  is  this  true  of  the  grade  that  contains  the  higher 
percentages  of  chromium,  or  when  they  are  manufactured  Into  parts 
that  have  a  comparatively  large  sectional  area.    They  are  also  cheaper 


than  the  nickel  steels  made  by  the  same  process,  and  In  the  billet  form 
they  are  but  little  higher  In  price  than  the  ordinary  carbon  steels.  The 
high-grade  and  high-priced  nick  el -chromium  steels  are  the  only  ones 
that  are  superior  to  the  natural  alloy  steels  in  static  strength,  and  this 
Is  largely  due  to  the  fact  that  they  are  usually  made  by  the  crucible 
process  and  contain  a  higher  percentage  of  chromium,  this  being  ap- 
proximately 1.00  and  1.50  per  cent  In  the  two  best  brands. 

Properties  of  Natural  Alloy-  Steels 
For  comparing  the  static  strength,  a  large  number  of  tests  were 
made  with  natural  alloy,  nickel  and  carbon  steels  that  contained  0.40 
per  cent  of  carbon  and  were  hardened  at  the  critical  point  and  then 
drawn  at  various  temperatures  between  500  and  1500  degrees  F.  The 
average  results  obtained  from  these   three  kinds   of  steels  are  shown 
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in  Fig.  13.  The  steels  compared  all  contained  0.40  per  cent  carbon. 
The  natural  alloy  steel  was  quenched  at  1520  degrees  F.;  the  3%  per 
cent  nickel  steel  at  1600  degrees  F.;  and  the  carbon  steel  at  1530 
degrees  F.  The  average  strength  of  each  steel  at  a  given  drawing 
temperature  can  be  obtained  by  following  downward  the  line  indicat- 
ing the  desired  number  of  degrees,  until  it  meets  the  curve  of  the 
tensile  strength,  elastic  limit,  elongation  or  contraction,  according  to 
which  is  to  be  found,  and  from  this  point  following  the  horizontal 
line  to  the  left,  where  the  number  of  pounds  per  square  inch,  or  the 
percentage,  is  recorded.  In  Table  XII  are  shown  the  average  elastic 
limit  and  ultimate  strength  as  ascertained  in  some  torsional-  tests 
made  at  the  Pennsylvania  State  College.  All  heat-treated  specimens 
were  hardened  and  drawn  to  develop  the  best  properties  for  driving 
shafts,  axles,  etc. 


TABLE  Zn.     AVERAGE  FIBER  STRESS  IN  POUNDS  PER  SQUARE  INCH 
TORSIONAL  TESTS  MADE  AT  PENNSYLVANIA  STATE  COLLEGE 


Kind  of  Steel 

Natural 
Alloy 
Steel 

8ttPer 

Cent  Nickel 

Steel 

Carbon 

Steel 

Annealed 

Elastic  limit 
Ultimate  strength 

41,600 
98,400 

40,800 
78,200 

82,600 
76,100 

Heat-treated 

Elastic  limit 
Ultimate  strength 

93,000 
130,200 

76,400 
108,000 

60,600 

102,400 

Machinery 

Much  care  has  to  be  taken  in  manufacturing  the  ordinary  nickel  or 
nickel-chromium  steels  to  prevent  either  of  these  elements  from  segre- 
gating in  the  bath  or  when  teeming  it  into  ingots.  This  is  largely  due 
to  the  fact  that  the  nickel  and  chromium  are  additions  and  the  bath 
must  be  heated  to  a  comparatively  high  temperature  just  before  teem- 
ing. In  the  natural  alloy  steel,  however,  the  nickel  and  chromium  are 
alloyed  in  the  ore  and  are  present  in  the  bath  from  the  time  the  melt- 
ing operation  starts  until  the  finished  steel  is  poured  into  ingots. 
Hence  the  bath  does  not  have  to  be  heated  to  any  higher  temperature 
at  the  time  of  tapping  than  do  ordinary  steels,  and  any  tendency 
towards  segregation  is  largely  overcome.  Thus,  the  elements  are  more 
uniformly  distributed  throughout  the  mass,  and  a  homogeneous  metal 
is  obtained.  When  such  elements  segregate  and  the  steel  is  rolled* 
they  produce  laminations  in  the  metal  which  have  a  very  Injurious 
effect  upon  its  strength,  especially  at  right  angles  to  the  direction  in 
which  they  are  rolled. 

Influence  of  Chromium 

The  extreme  hardness  produced  by  chromium  makes  it  necessary  to 
use  comparatively  small  percentages  in  steels  that  are  to  be  machined. 
When  the  chromium  content  reaches  2.00  per  cent,  the  steel  is  very 
difficult  to  cut  when  cold,  and  when  higher  percentages  are  used,  the 
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steel  cannot  be  cut  with  any  kind  of  cutting  tools  and  must  bo  ground 
to  shape,  this  latter  being  an  expensive  method  to  pursue.  Thus,  in 
the  high-grade  nickel-chromium  steels  that  are  to  bo  manufactured  into 
parts  of  machines  or  instruments,  the  chromium  content  is  usually 
about  or  below  1.50  per  cent.  Owing  to  the  difficulty  of  working  even 
this  steel,  however,  many  grades  of  steel  have  been  made  with  a 
chromium  content  of  0.25,  0.50  and  0.75  per  cent,  and  it  is  as  a  substi- 
tute for  these  grades  that  natural  alloy  steel  can  be  used. 

In  steel,  chromium  gives  the  metal  a  hardness  similar  to  that  gheii 
by  carbon,  but  to  a  lesser  degree  for  the  same  percentage.  It  is  a  hard- 
ness, however,  that  makes  the  cohesion  of  the  molecules  much  greater 
and  thus  greatly  increases  the  static  and  dynamic  properties. 
Chromium  also  greatly  retards  the  formation  of  any  grain  or  fiber. 
and  thus  makes  the  steel  practically  grainless.  All  of  these  effects  of 
chromium  upon  steel  cause  it  to  increase  its  tensile  strength,  elastic 
limit,  hardness,  resistance  to  torsion,  shocks,  vibrations,  or  other 
stresses,  and  also  increase  its  wearing  quantities  and  prolong  its  life. 

Influence  of  Nickel 

Nickel  increases  the  ductility,  toughness  and  resiliency  of  steel,  and 
also  increases  its  susceptibility  to  heat-treatment.  It  reduces  the  si/.e 
of  the  crystalline  structure  and  tends  to  prevent  microscopic  cracks 
that  are  liable  to  develop  into  larger  cracks  and  product'  ruptures.  It 
was  first  added  to  steel  to  overcome  the  property  of  "sudden  rupture" 
which  is  inherent  in  all  carbon  steels.  It  reduces  the  tendency  of 
steels  to  become  damaged  by  overheating  in  hardening,  and  shows  its 
effect  in  the  hardening  operations  by  making  the  tensile  strength  and 
elastic  limit  two  and  three  times  that  of  the  untreated,  or  annealed 
steel.  Nickel  raises  the  elastic  ratio  in  steels,  i.  «■..  tin4  elastic  limit 
is  raised  to  a  higher  percentage  of  the  tensile  strength.  This  con 
dition  is  always  sought  for  in  the  better  grades  of  steel. 

The  two  elements  mentioned,  therefore,  greatly  enhance  the  value 
of  natural  alloy  steel  for  the  various  parts  of  machinery  that  are  sub 
jected  to  severe  stresses.  This  steel  also  resists  corrosion  much  better 
than  other  steels,  the  sulphuric  acid  test  showing  that  it  corrodes 
from  10  to  20  per  cent  less  than  the  low  carbon  and  manganese,  basic 
and  open-hearth  metals  with  nearly  all  of  the  impurities  removed, 
which  have  been  given  such  names  as  "pure  ingot  iron,"  "old-fashioned 
iron,"  "toncan  metal,"  etc.  While  there  are  some  that  doubt  whether 
this  test  agrees  with  the  results  obtained  from  exposure  to  actual 
weather  conditions,  it  is  generally  conceded  that  steels  containing 
nickel  corrode  less  rapidly  than  carbon  steels  and  wrought   Iron. 

Working1  Alloy  Steels 

Natural  alloy  steel  can  be  hammered,  rolled,  drop-forged,  preyed, 
stamped,  or  machined  with  the  same  ease  and  at  the  same  tempera- 
tures as  carbon  steel;  no  special  precautions  are  necessary.  The 
high-grade  nickel-chromium  steel  (on  the  other  hand,  must  be  heated  to 
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a  white  heat  before  being  hammered,  rolled,  or  drop-forged.  The  high 
temperature  must  also  be  maintained  during  the  mechanical  work- 
ing, and  if  it  falls  very  much,  the  steel  must  be  reheated.  Nickel 
steels  must  also  be  carefully  handled  when  thus  working  them,  and 
hence  it  will  be  seen  that  natural  alloy  steel  is  more  cheaply  worked 
into  shape  than  other  alloy  steels.     Natural  alloy  steel  is  similar  to 


TABLE  XIII.     EFFECT  OF  HEAT-TREATMENT  ON  FOKQINGS  OF 

NATURAL    ALLOY    STEELS 
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24.0 


other  alloy  steels,  however,  in  that  it  is  very  difficult  to  weld  by  or- 
dinary methods;  parts  that  are  to  be  submitted  to  great  strains  should 
not  be  welded  together.  Like  other  alloy  steels  it  can  be  welded  with 
more  or  less  success  by  the  various  electric  welding  processes  and 
machines  that  are  on  the  market  The  electric  machines  that  squeeze 
the  parts  together  are  preferable,  as  these  prevent  the  grain  from  be- 
coming coarse,  as  it  does  when  other  methods  are  used.  If  the  steel 
Is  hammered  after  welding,  this  will  aid  in  refining  the  grain  that 
has  become  coarse  at  the  weld.     By  careful  workmanship  with  the 
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electric  process  It  Is  often  possible   to  obtain   from   70  to   80  per  cent 

efficiency  at  the  weld,  whereas  an  efficiency  of  between  30  and  40  per 

I  is  all  that  can  he  obtained  by  ordinary  welding  methods. 

Natural  alloy  steels,  like  all  other  steels,   will   attain   the  highest 

strength  only  when  properly  heat-treated.     In  the  untreated  or  annealed 

ate.  they  show  a  tensile  strength  and  elastic  limit  that  is  from  S000 

i    10.000   pounds   per   square   inch    higher   than   carbon   steels   of   the 

same   carbon    content,   but   when    properly    heat-treated   they    compare 

favorably  with  other  alloy  steels.     Some  figures  that  were  obtained 

from  annealed  and   heat-treated   forglngs  are  given   in   Table  XIII. 

Heat  Treatment 

The  heat-treatment  Is  practically  the  same  as  that  given  other  steels. 
The  hardening  temperature  may  vary  somewhat,  but  not  to  any  great 
extent.  The  brands  containing  from  0.15  to  0.20  per  cent  carbon 
should  be  heated  to  1500  degrees  F.  and  quenched  In  brine  to  obtain 
the  best  results.  Those  with  a  carbon  content  between  0.3G  aad  0.50 
per  cent  should  be  heated  to  1550  degrees  F.  They  can  then  be 
quenched  in  water  as  readily  as  carbon  steels,  although  oil  and  special 
liquid  compositions  can  be  used  for  the  quenching  bath  with  equally 
good  results.  The  temperature  at  which  they  are  afterwards  drawn, 
irse,  varies  with  the  kind  of  work  that  the  finished  piece  would 
be  called  upou  to  perform. 

When  hardening  steel,  a  cold  piece  should  never  be  put  in  a  highly 
heated  furnace,  as  it  is  liable  to  crack.  It  should  either  be  preheated 
to  above  600  degrees  F.,  or  it  should  be  put  In  a  cold  furnace  and 
1  up  slowly.  It  should  soak  in  the  heat  at  the  hardening  tem- 
perature long  enough  for  the  piece  to  heat  clear  to  its  center.  The 
work  should  never  lie  directly  on  the  hearth  of  the  furnace,  but  should 
be  raised  sufficiently  to  allow  the  heat  to  attack  it  from  all  sides,  and 
it  should  be  supported  In  a  way  that  will  not  allow  it  to  sag,  as  hot 
■teel  Is  soft  and  pliable  and  likely  to  bend.  The  axis  of  the  piece 
should  be  vertical  when  plunging  it  into  the  quenching  bath  to  pre- 
.  unequal  contraction  in  cooling.  The  work  should  never  have 
sharp  grooves,  corners,  or  other  features,  that  easily  develop  cracks 
when  the  eteel  is  heated  and  quenched. 

In  drawing  steel,  a  furnace  should  never  be  used  that  Is  hotter  than 
the  drawing  temperature.  It  is  difficult  to  judge  the  temperature 
that  the  work  has  attained  In  such  a  furnace  and  get  within  50  degrees 
of  the  desired  results.  If  the  piece  attains  too  high  a  temperature, 
it  will  be  softer  than  that  required,  and  if  the  drawing  is  too  low.  It 
will  not  be  soft  enough.  With  a  tempering  furnace  held  at  the  correct 
temperature,  the  work  can  be  allowed  to  remain  in  it  until  it  has 
absorbed  the  heat  of  the  furnace  and  then  accurate  results  can  be 
obtained.  A  difference  of  50  degrees  in  the  drawing  temperature  is 
of  much  more  importance  than  50  degrees  in  the  hardening  tempera- 
ture, and  Is  more  difficult  to  estimate. 
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Case  hardening 
Carbonizing  or  casehardenlng  can  be  performed  In  any  of  the  vari- 
ous ways  that  are  now  used  for  other  steels.  Pieces  can  be  heated  to 
a  red  heat  and  quenched  la  cyanide  to  give  them  a  depth  of  case- 
hardened  surface  of  a  few  hundredths  of  an  Inch;  or  they  can  be 
packed  In  Iron  boxes  with  bone  and  charcoal,  or  other  carbonizing  ma- 
terials, and  then  heated  In  furnaces  for  a  time  that  Is  sufficient  to  give 
them  a  greater  depth  of  penetration.  Where  the  output  would  war- 
rant It,  however,  the  special  furnaces  that  have  been  designed  for  car- 
bonizing with  gas  would  probably  give  the  most  uniform  results,  if  the 


HEATED  TO  158Q  DEGREES  B.  AND  01   EN  :  HE 

THEN  DRAWN   TO  THESE  TEMPEHAT 

s    g    §    §    1    1    §    I 

IRES: 

1   s 

I 

at 

|     Mi 

5   » 

"     M 

Sg)s 
I" 

i  a 
B  ™ 

10 

-5™ 

t  £    2*0 

3  5  ao 

I  i w 

3E   180 

%.  g  lflo 

^  1  lt0 

5  c 

JJBO 

iiwo 

||  ■ 

£l     BO 
(0 

-W 

£& 

o«^4" 

%? 

@>™  & 

<e*> 

Flf.    i 


Pliyiio.l  Proportiw  of  0.10  Per  Cent  Carbon  Vatiral  Alloy  Btoel 


work  Is  properly  done.  This  la  also  the  cheaper  method  when  large 
quantities  are  worked  or  handled. 

In  any  case,  however,  the  carbonizing  mixtures  should  not  contain 
over  15  per  cent  of  moisture  or  0.50  per  cent  sulphur.  Moisture  might 
cause  a  pitting  of  the  steel  which  la  liable  to  cause  It  to  chip  on  the 
surface,  while  the  sulphur  soaks  into  the  casehardened  shell  to  a 
considerable  extent.  A  carbonizing  temperature  of  from  1750  to  1800 
degrees  P.  can  be  used,  and  this  will  probably  give  the  most  rapid 
absorption  and  most  uniform  composition  of  the  case.  The  time  the 
steel  Is  submitted  to  this  temperature  depends  upon  the  depth  of  car- 
bonized case  desired. 

After  carbonizing,  the  work  should  be  allowed  to  cool  slowly  until  it 
becomes  black  In  daylight  It  should  then  be  reheated  to  1500  degrees 
F.  and  quenched  In  either  oil  or  water.    After  this  it  should  again  be 
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reheated  to  1350  degrees  F.  and  again  quenched  In  either  oil  or  water. 
This  double  Quenching  gives  much  better  results  on  all  steels  than 
does  the  ordinary  practice  of  quenching  directly  from  the  carbonizing 
furnace  and  reheating  but  once  to  about  1375  degrees  F.  and  quenching 
In  oil. 

In  casehardened  work,  the  core  of  the  piece  has  a  carbon  content 
of  about  0.20  per  cent  while  the  carbonized  shell  contains  about  1.00 
per  cent  Thus,  there  are  two  steels  of  a  different  nature  and  these 
should  be  given  different  heat-treatments.     In  the  double  quenching. 
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the  first  heating  and  quenching  hardens  the  core 
case  and  makes  It  brittle.  The  second  reheating  i 
Its  fine-grain  structure  and  also  toughens  the  c 
quenching  hardens  the  case. 

Uses  of  Natural  Alloy  Steels 
Natural  alloy  steels  are  largely  used  In  the  manufacture  of  auto- 
mobile parts.  A  grade  containing  0.1E  per  cent  of  carbon  is  often 
used  for  carbonized  parts  where  the  toughness  of  the  core  Is  of  more 
Importance  than  the  strength  of  the  steel  or  its  ability  to  resist 
shocks.  When  parts  are  required  to  withstand  severe  shocks  or  strains 
and  have  a  good  wearing  surface,  steel  containing  0.20  per  cent  of  car- 
bon Is  used.  This  grade  responds  more  readily  to  heat-treatment 
Thus  speed-change  gears,  differential  gears,  drive  gears,  etc.,  are 
made  from  this  steel.     It  is  used  without  tarbouVz.™?,  ^rtietfe  totisW.ci- 
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able  toughness  1b  required  rather  than  strength,  as  In  various  struc- 
tural parts.  It  Is  also  used  (or  cold  rolling  or  cold  pressing,  and  for 
such  work  as  seamless  tubes,  email  drop  forgings,  etc 

Tensile  Strength.  Elastic  Limit,  etc. 
The  tensile  strength,  elastic  limit,  elongation  and  contraction  of  this 
steel,  as  affected  by  various  heat-treatment  temperatures,  are  shown  In 
Fig.  14.  The  vertical  lines  show  the  drawing  temperatures  which  are 
marked  In  degrees  at  the  top,  while  the  horizontal  lines  represent  the 
tensile  strength  and  clastic  limit  and  the  percentage  of  elongation  and 
contraction.     Below  the  chart  are  given  the  hardness  scales  of  the 


HEATED  T0  15XDCiMZ-'i  f..ir,'0  -j*j-t,£i1E.3  IN  WATER 
THEN  DRAWN  AT  THESE  TEMPERATURES 

H  U  1  !  '!   H   U 

: 

off    *> 

s  °° 

;    66 
pi* 

3*40 

Is88 
s> 

S5a-. 

z      -( 

a     i; 

"■    10 

B" 

5S  aw 

If  MO 

fe£  "° 

Ss  ia> 

Si  10U 

£|  M 

5i    ou 

-*■$> 

^X 

-J<is 

H 

■ 

££■ 

<5£>£S> 

•^,' 

1  fe>"  J^™   *^, 

Tit,    18.     rhnlml  Prop*rtl«  of  O.M   Per  Cut  Carbon  Vatwll   Alloy  Btwl 

steels,  at  these  temperatures,  taken  from  both  the  Shore  and  Brlnell 
Instruments.  The  cold-bend  testing  properties  at  the  various  tem- 
peratures are  Illustrated  by  the  sketches  below  the  chart. 

From  this  diagram  the  heat-treatment  that  should  be  given  this 
steel  to  obtain  any  of  the  properties  that  are  within  Its  range,  can 
readily  be  ascertained.  Thus  if  an  elastic  limit  of  144,000  pounds  per 
square  Inch,  with  a  contraction  of  31  per  cent,  la  desired,  the  vertical 
line  will  show  that  the  drawing  temperature  should  be  700  degrees 
F.  This  would  also  give  a  tensile  strength  of  about  177,000  pounds  per 
square  inch,  and  an  elongation  of  about  C.5  per  cent  The  diagrams 
are  baaed  on  7/8-lnch  round  stock;  if  larger  pieces  are  uaed,  the 
drawing  temperature  ahould  be  lowered. 

The  grade  of  steel  containing  0.25  per  cent  carbon  is  usually  em- 
ployed for  auch  parts  as  can  be  cold  pressed,  for  instance,  brake  drums. 
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me  members,  axle  housings,  etc.  These  parts  require  all  the 
strength  that  cau  be  obtained  In  combination  with  enough  toughness 
to  withstand  the  operation  of  bending  into  shape  without  developing 
cracks  or  checks.  Steel  l1,  inch  round,  of  this  grade,  when  made 
into  bolts,  has  a  tensile  strength  of  106,000  pounds  per  square  Inch, 
an  elastic  limit  of  S7.500  pounds,  an  elongation  of  26  per  cent,  and 
a  contraction  of  69.5  per  cent 

The  grade  containing  0.30  per  cent  carbon  Is  still  harder  and  more 
applicable  to  heat-treated  parts.  Hence  It  is  made  Into  axles,  connect- 
ing-rods, jack-shafts,  drive  shafts,  and  other  parts  that  require  con- 
siderable strength  and  at  the  same  time  a.  high  degree  of  toughness. 
It  is  also  used  for  drop-forgings.  heavy  forgings  and  numerous  other 
things.  The  strength,  hardness  and  cold  bending  properties  of  the  0.30 
t  natural  alloy  steels  are  shown  in  Fig.  15.  That  still  greater 
strength  can  be  obtained  than  shown  in  this  chart  was  proved  by  a 
test  made  by  one  of  the  automobile  manufacturers.  The  test  bar  was 
properly  hardened  and  drawn  at  600  degrees  F. :  the  tensile  strength 
:  found  to  be  236,000  pounds  per  square  inch,  the  elastic  limit, 
215.000  pounds,  the  elongation  In  two  Inches.  10.8  per  cent,  and  the 
contraction,  36  per  cent. 

The  grades  containing  0.35  and  0.40  per  cent  carbon  are  used  for 
spindles,  rear  axles,  crankshafts,  etc.     From  the  0.40  per  cent  grade 

I  also  made  locomotive  driving  axles  and  heavy  automobile  truck 
axles,  connecting-rods,  piston-rods,  steering  knuckles,  etc.  The  proper- 
ties of  the  0.40  per  cent  carbon  grades  are  shown  In  Fig.  16.  Some 
finished  crankshafts,  2%  IncheB  in  diameter  of  the  0.35  per  cent  grade, 
i  tensile  strength  of  148.400  pounds  per  square  Inch,  an  elastic 
limit  of  127,300  pounds,  an  elongation  in  two  inches  of  15,3  per  cent, 
find  a  contraction  of  53.8  per  cent 

The  0.45  and  0.50  per  cent  carbon  grades  are  used  where  extreme 
strength  is  needed  in  combination  with  considerable  ductility.  Thus, 
transmission  gearB  that  are  to  be  heat-treated  without  carbonizing  are 
usually  made  from  this  brand.  The  strength  when  heat-treated  will, 
of  course,  be  greater  than  shown  in  Fig.  16,  but  the  ductility  will  be 
reduced. 

At  the  present  time  there  seems  to  be  a  tendency  to  "load"  steels 
with  alloying  materials,  and  thus  make  them  difficult  to  forge,  weld, 
machine,  or  heat-treat;  the  results  obtained  do  not  always  warrant 
the  high  prices  of  the  finished  parts.  This  natural  alloy  steel,  how- 
ever. Is  not  overloaded  with  such  alloying  materials,  but  at  the  same 
time  has  properties  that  are  well  within  the  specifications  for  which 
many  manufacturers  are  using  much  more  expensive  steels. 
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The  Unit  System  of  SELF-EDUCATION 

The  Unit  System  of  Self-Education  in  Mechanics,  originated 
by  Machineky,  now  comprises  125  Reference  Books  and  twenty 
Data  Books  all  published  at  the  lowest  price  that  has  ever  been 
made  for  mechanical  books  of  real  merit  Each  book  measures 
about  6x9  inches,  standard  size,  and  contains  from  32  to  56 
pages,  depending  upon  the  amount  of  space  required  to  adequately 
cover  its  subject  The  books  in  the  Data  Series  are  slightly  wider 
than  the  Reference  Books  in  order  to  provide  for  hundreds  of 
large  plates.  The  books  are  all  first  class  in  every  respect — printed 
from  new  plates,  with  new  and  ample  engravings,  on  the  same 
high-grade  paper  that  is  used  for  Machinery,  and  have  wide 
margins  to  allow  for  binding  in  sets,  should  this  be  desired.  These 
books  have  been  enormously  successful,  but  probably  would  not 
have  been,  had  readers  been  obliged  to  pay  the  usual  high  prices 
incident  to  expensive  bindings.  These  books,  being  made  for  use 
and  not  for  ornament,  are  bound  in  strong  paper  covers,  which 
enables  marketing  them  at  an  unprecedented  price  for  books  of 
the  highest  merit 

The  plan  comprehends  an  indefinite  number  of  compact,  inex- 
pensive books,  each  covering  one  subject  thoroughly  in  a  practical 
manner,  and  sold  singly,  or  in  complete  sets,  as  may  be  desired. 
The  whole  series  comprises  a  complete  working  library  of  au- 
thentic mechanical  literature  for  the  Mechanical  Engineer,  the 
Machine  Designer  and  Draftsman,  the  Machinist,  the  Toolmaker 
and  the  Apprentice.  The  books  are  particularly  adapted  for  self- 
education  and  are  planned  to  meet  the  demand  for  a  reliable, 
practical  and  inexpensive  system. 

The  information  contained  in  the  books  of  this  System  is  the 
latest  and  best  available  on  machine  design,  construction  and 
operation,  revised  and  brought  up  to  date  by  Machinery's  edi- 
torial staff — men  constantly  in  touch  with  the  best  sources  of 
information,  and  with  the  latest  developments  In  mechanical 
practice. 

These  books  are  for  the  practical  men  at  work  In  the  me- 
chanical industries.  They  deal  in  a  practical  manner  with  actual 
mechanical  problems.  They  describe  the  practice  and  explain 
the  mechanical  principles  in  clear  and  simple  language  and  in  a 
direct  and  straightforward  manner.  The  whole  idea  of  the  books 
is  to  give  the  greatest  possible  amount  of  definite,  practical  in- 
formation, in  the  clearest  manner  and  in  the  smallest  amount  of 
space  practicable.     The  information  is  boiled  down. 


Machinery 


The  Industrial  Press 

140-148  Lafayette  Street 
New  York.  U.S.A. 


Machinery  Publishing  Co..  ltd. 

27.  Chancery  Lane 

London.  W.  C. 


MM  tat  Chin 

Hd  Villi  ipi.linnc.i. 

luni    Eiuin.i. 

trtm    Turhiac*. 

uinpi.     CendtnuMi,     tie 

"" 

[VE     UESIGK     AND    B- 

PBACTICE 

mniUn  &MlfB,  Put 

J. 

a 

in. 

Building.  — 

H..,t 

■      BuiLltnj-.  —  Crlindon 
*  Bull  dins— V«1t>.  Motion 


H  El  TINS   AKB   VEXIILAriOK 


>,   Ki[liipwd   ud    Cuban    Tool   SU|L 
I.  Alloy  BtMli. 

IOEGIMQ 
HichLoc  Blukimllfeloc, 

Blukimith  Sliop  Pruties. 
I.  Bolt.  Hut  ud  Blvoi  Futtsr 
I.  Kidilns  Fork-in*-. 
>.  Cold   Iulii|. 


pfi't"! 


;■    Bm  1,1 


□TBAMOS    AMD     MOTORS 
and  Eipnir  of  Dyutnoi  ud  Moton. 

;'  '  .'■        :  ;     ■       .■    ■■ 

~    Mdn, 

id  Applicitioni  of  HmM  :'V. 


d  Appli?> 


^iipli  uul  TtlcphaiiB 
In  ud  AppUemloni  i 

:Ui0    Liflittlif- 


a  jUilnyi.  ' 


Brittau    ud   Prutics 
H-oUnfoiJ   Dnwtu.— I 


T    Dnfrlnr- 
tlc*l    Ptob- 


BTvahuioil  Drnwlnx,— Projection. 
Xeobuleal    Br*wln|-.—  Hiohln.    Bttnill. 
Xechuicnl    Brnrinj.— K.ohiM    OaUil*. 

DIE- CASTING 


f  Shop  ud  Di.ft- 


MACHINERY'S  DATA  BOOKS 

xkbx'b  Data  Books  include  the  material  In  the  well-known  series  of  Data 

Abed  by  Maciushhy  during  the  past  fifteen  years.    Or  these  Data  Sheets, 

were  published  and  7,000,000  copies  sold.    Revised  and  greatly  amplined, 

in  booh   form,  kindred  subjects  grouped  together.  The  price 

l  ia  2S  cents  (oue  shilling!  delivered  anywhere  in  the  world. 

LtBT  OF  MACHINERY'S  DATA  BOOKS 

* 

i  ud  W.U.  «"»  "d  P1««  ■•""■ 

I,,.  No.  1>.     Plp«  ud  Fipn  rittinn, 

okatl.  Pull-  am!   Mllliiie  Cut-         No.    13.      Boilcn    ud    Chime*! s. 

XocomstlTa  ud  Riilw.j  Siu. 

Eteui  ud  G»i  EBtiau. 

Mirhomiticil   TiUei. 

Hcchuicj    ud    Btrenrti    of    lktsrli.li. 

Bum  FormuLu  ud  EUnotunl  Doiin, 

Bolt.  Bops  ud  Ctmin  Driroi. 

Wlrint  t\i|w.  'a"»-'fl*J^ 


i,  SlidH  ud  M.<- 
Diiw.   Spool,   u. 


,i  A  ... 


MACHINERY'S 
HANDBOOK 


For    MACHINE    SHOP 
AND  DRAFTING-ROOM 


A  REFERENCE  BOOK  ON  MACHINE 
DESIGN  AND  SHOP  PRACTICE  FOR 
THE  MECHANICAL  ENGINEER. 
DRAFTSMAN.  TOOLMAKER  AND 
MACHINIST. 


bt*b  Handbook  comprises  nearly  1400  pagoe  of  carefully  edited  anil 
data  relating  lo  the  theory  and  prai  i 
Industries.     It  is  the  first  and  only  complete  handbook  <!< 

the    metnl-ivorking    field,   find    contains    iu    compact    mid    condensed    form    th* 
information  nnd  data   i.-iii.i.,]   i.,>    iii.m-.ii,i    during  to- 
It  In  the  one  essential  buok   in  a   library   of  mechanic*!    1" 

contains  all  Hint  Is  of  importance  in  the  text-booke  and  treatises  OH  intclmalral 
mi;  practice,     [rice  $fi.OO. 


KaOiom«l(c»I  tab  tea— Pi 
Lot  art  111  in.  and  loe.i-illun 
tiigiraoiiirtruul  UUu-On 
matortala — Biietlnf  and  ill 
an<E  proportlea  of  wire  rapt 
— Shaf  ti  ni— Frio  tio»— Plain, 
»up!in»i— Friction,  bnk*^ 
■earing- — Spirit]    % caring — He 

nwfhine  detail i — Bpeeda  and  feedi  of  mac! 
KeuuriDC  looli  isd  rapine  methodi — Chi 
indolinf— Jie>  and  flituroi — Brindine  an 
thread  aag-va — Tap*  and  threading  diea 
twill  ilrllli — Heal-trcatment  (" 
hardioM  of  metuli — Foundry 
Avlotinoua    woldln*-— Tlu 


GENERAL  CONTENTS 

-VtBHlBtl    BMfdMb    and    fo.mv 
iWteml 


C.,1,.,1 


(   nirtalj— «... 

our  trouble*— 

— Wriihu  of 


Maciiin-fbt.  the  lending  Journal  In  Jhp  machine-building  Held,  Uie  orLs 
of  the  25-rent  Reference  and   Data   Books.     Published    monthly.      SubMiipl 
12.00  yearly.    Foreign  subscription,  $3.00. 

THE  INDUSTRIAL  PRESS,  Publishers  of  MACHINERY 
140-146  LAFAYETTE  STREET  HtV,  \«Wfc  tWN  .  VI. 


PRICE  25  CENTS 


JLD-HEADING 

MACHINES  METHODS  AND  TOOLS  USED  FOR 

THE  COLD-HEADING  OF  SCREWS,  RIVETS 

AND  SIMILAR  MACHINE  PARTS 

BY  CHESTER  L.  LUCAS 


F 

MACHINERY'S  REFERENCE  BOOK  NO 
PUBLISHED  BY  MACHINERY,  NEW  YOR 


D.  119 

- 


MACHINERY'S  REFERENCE  BOOKS 

Tills  book  Is  one  of  a  remarkably  successful  series  of  25-eenl  Referent'**  Book* 

listed  below.    These  books  were  originated  by  Mac  him:  lit  anil  roniprise  a  conipleU 

working  library  of  mechanical  literature. 

each  book  covering  one  subject.    The  price 

of  each  book  la  U5  cents  (one  shilling)  delivered  anywhere  In  the-  world. 

CLASSIFIED  LIST  OF  REFEBENCE  BOOKS 

GENERAL    MACHINE    SHOP    PRACTICE 

Mo.   101,     Circular    Forming    ud    Cut-off    Tools    Tin 

Mo.      T. 

UlB.  ul  Plutr  Touli. 

No.    102.      Eitornal     Cutting    Tools     for     Auljrusrjt 

Mb,  10. 

Eismploi   of  X—lLino  Shop  Prutloo. 

Ho.  ». 

Dscp    Hols    Dri!Uo», 

No.  10).     Internal    Cutting    Tools    fot     Automatic 

Ho,  as. 

Boiou.  Thrusd  Culling. 

Ho.  U. 

File,   ud  Fillsc. 

No.    10*.      Thrssdlng       Operstions       os>       Automatic 

So.  SO. 

Principle,     mil     Pv.cticf     sf     AsumMiiic 

No,  iob.     Knurling  operation*  on  Automatic  Bern 

No.  SI, 

Principles    ud    Pisclico    of    AsioiriMini 

Me,  IT. 

KuUU   Tosll.   Put  11 

No.  100,     Cross  Drilling,  Burring.und  Slotting  Op 

No.  tl. 

Mschinns.    Tool,    ud    Methods   si    Aulo- 

SHOP   CALCULATIONS 

Mo.  11. 

Ooerstioo  of   Machine   Tools. — The    Lsthe, 

No.    IS.     ai.on   Arithmetic  for  too   Mscliinist. 

Put  1, 

No.   DS.     Adiuosd    Boon    Aritluiistic     for     tie    Ma- 

Mo,  M, 

Opsrstion  of  Msohfns  Tool..— The  Lsths, 

rut  li. 

Mo,  M.     The   Use   of   L-wtthnu— CompleU    Lsg 

No.  u. 

Opsnttlon    of     Hiohiss    Tool..  —  Plunr. 
S  In  Per,    Blotter. 

No.  St.     emotion  of  Trianrlts,  Put  I. 

Ko.  M. 

Operslion  of  Kuhins  Tools.— Drilling  M*- 

No.  46.      Solution    of    Triuuies,    Put    II. 

Mo.  16, 

Oporntion  of  Muhins  Tools.— Boring  Ms 

IHEOBETICA1   MECHANICS 

Mo.  H. 

Operation  of  Kacliins  Tools.— Milling  M. 
cliuiit..  Put  I. 

Ms.      0,     Pint  Principles  of  Theoretical   aWhsnlr* 
Mo.  10.     Uio  of  Formulas  is  Mechanic 

Flo.   0T. 

Opors'Jmi   of  Machine  Tool. Milling  Ma- 

ibioes,  Put  II. 

OEAXJMG 

Mo.  »e. 

Opsrstion    of     Msohino     Tools.— Grinding 
Machines. 

Mo.     1.     Worm  Ossring. 

no.  no 

Msnnf.ctn™     s(    Steel    B.I1. 

No.  10.     Spiral  GeuHuj. 

No,  Uu 

Arbors  ud  Work  Ho  Id  in,  Dstioh. 

Ke.  IT.     Be**l   Gearing. 

T00LMAXTNO 

0ENEBAL    MACHINE   DESIGN 

Ms.  «1 

N».   11. 

Bore-  Throart  Tools  ud  Osgea. 

No.  11.     Bearing*. 

Mo.  at. 

G.ti  Ms  km*  snd  Lapp!**. 

No.  IT.     Bui-ngih  of  Cylinders. 

Ms.    107 

Drop   Forjini   Diss  ud   Die  Sinking. 

No.  M.     Calculation  of   Elrm.ni,  of   ttaobiao  Do. 

No.  U.     Eismnle*  of  Calculattug  Douru. 

HAHDENING   AND   TEMPERING 

Mo.  M. 

Baldening    sad    Tempering. 

No.  «.     n-f-nocU. 

Mo.  a. 

Hoat-troalnieit    of  Bteel. 

Ho,  CO.     Bsll  Be. nags. 

No.   M.      Helical    snd    Elliptic   Springs. 

JIGS   AND   FIXTURES 

Mo.  SO.     Tbs  Timor?  of  Shrtnktu  snrl  r>i«d  Pits. 

Ms.     4. 

Drill  Jigs. 
Milling  Fixture*. 

MACHINE  TOOL  DEMON 

Ko.  «1. 

Ud  sod  Future*.   Part  I. 

No.  14.     Detail,  of  Mschino  Tool  D.ugi,, 

No.  tl. 

IIE.   .n,l  Fiilurss.   Psrl   IT. 

Ho.   10.      ki(lln.  Tool   D.i.e*. 

Mo.  U. 

Jig*  .nd   FUtur*.,   Psrt  UL 

Mo.   111.  Laths  Bod  I'. 

PUNCH    AND    DIE    WOKS 

No.  112.  Mschlus    Stops.    Trips    ud    Locking    O* 

Mo.     S. 

mi  woik. 

CRANE  DESIOM 

Ms.  U. 

Mo.  18. 

Modern    r.m.l,    ud    I),.     Con.lmetion. 

No.  II.     Th.oir  of  Cr.n.  D>sl(n. 
No,  *1.     EtectrK    OtstaagA    Crane.. 

AUTOMATIC   SCREW    MACHINE   WORK 

No.  46.     Oirdeit   for  Eleotrlo    Ofaineud    Crirns 

is.   N 

hi.i.n  A  Sturrio   Automatic 

STEAM    AND    0  AS    EN0IME8 

No.   100 

No.  U.     rormoUs   snd  Co.. tut.   far  hi  M>«t» 

torn.llo  gcr»   Machine. 

Dssin. 

SEE     INSIDE     BACK     COVEN 

FOR    ADDITIONAL    TTTLEB 

MACHINERY'S  REFERENCE  SERIES  < 

EACH    NUMBER    IS    ONE    UNIT    IN    A    COMPLETE    LIBRARY    OF 

MACHINE  DESIGN  AND  SHOP  PRACTICE  REVISED  AND 

REPUBLISHED  FROM  MACHINERY 


NUMBER  119 


COLD-HEADING 


By  Chester  L.  Lucas 


CONTENTS 

Principles  of  Cold-heading -3 

Cold-heading  Machines  and  Operations      -      -      -      -  16 
Cold-heading  Dies  and  Tools  - 32 


Copyright.  1914,  The  Industrial  Vtohh,   Publishers  of  Macthskry, 
MO-MS  Lafayette  Stmt.  Now  York  City 


CHAPTER    I 


PRINCIPLES  OP  COLD-HEADING 

The  operation  o[  forming  the  heads  of  rivets,  wood  screw  blanks, 
machine  screw  blanks,  and  similar  products,  by  upsetting  the  ends  of 
the  wire  lengths  while  cold,  is  known  as  cold-heading.  The  machines 
to  which  the  wire  is  fed  from  a  coil,  and  in.  which  it  is  cut  off  and 
headed,  are  known  as  cold-headers.  It  is  the  purpose  of  this  treatise  to 
describe  briefly  the  operation  of  various  types  of  heading  machines,  to 
enumerate  some  of  the  limitations  and  possibilities  of  the  different 
cold-heading  machines  and  to  give  a  general  idea  of  the  way  in  which 
the  tools  are  planned  and  made- for  this  class  of  machinery.  No  at- 
tempt will  be  made  to  cover  the  heading  of  hot  stock  such  as  is  fol- 
lowed in  making  hot-formed  bolts,  as  this  type  of  machinery  comes 
under  the  head  of  forging  machinery,  and  is  separately  described  in 
Mm  ni.Mitiv's  Reference  Books  No.  113,  "Bolt,  Nut  and  Rivet  Forging," 
and  No.  114,  "Machine  Forging." 

Principles  of  Cold-heading 

If  we  should  cut  off  a  piece  of  %-inch  diameter  copper  wire  abjut  1 
inch  lung,  stand  it  on  end  on  a  hardened  steel  block,  as  shown  at  A. 
in  Fig.  2,  and  strike  it  squarely  on  top  with  a  heavy  hammer,  we 
would  upset  the  piece  as  a  result  of  the  blow,  causing  it  to  bulge  con- 
siderably at  the  center,  the  amount  depending  upon  the  force  of  the 
blow,  leaving  it  with  an  appearance  as  indicated  at  B.  Fig.  2.  Con- 
tinuing our  experiments,  if  we  take  another  %-inch  piece  of  copper 
wire,  1  Inch  long,  as  before,  and  drop  it  into  a  %-inch  hole  in  a  hard- 
ened steel  block,  allowing  a  section  %  inch  long  to  extend  above  the 
surface  of  the  block,  as  at  C,  Fig.  3,  and  strike  the  end  of  this  piece 
a  square  blow  with  the  same  hammer,  the  piece  will  assume  about  the 
eppearance  Indicated  at  I).  In  Fig.  3.  The  projecting  section  will  be 
bulged  as  before,  but  the  part  of  the  blank  remaining  within  the  block 
must  necessarily  retain  its  original  shape,  as  it  is  confined  in  all  di- 
rections. Continuing  our  experiments  still  further.  If  we  take  a  new 
blank  of  the  same  dimensions  and  insert  it  In  the  same  block  as  be- 
fore, but  in  place  of  the  flat  ended  hammer  we  use  one  with  a  cup- 
shaped  depression  turned  in  its  face,  as  shown  at  B,  Fig.  4,  and  strike 
the  blank  a  hard  blow  squarely  upon  the  projecting  end,  the  end  of  the 
wire  will  necessarily  take  on  the  appearance  indicated  at  /■',  Fig.  4. 
The  blank  must  assume  this  shape  because  the  part  under  the  head  is 
confined  within  the  lower  block  and  the  head  section  is  guided  in  its 
bulging  by  the  cup-shaped  depression  in  the  hammer  with  which  the 
blow  Is  struck. 

These  three  simple  experiments  outline  the  principles  Involved  In 
cCM-heading.     In   all   cold-heading  operat  nonfined   at 
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he  moved  to  Raniapo,  N.  Y.  His  heading  machine  \ 
fair,  with  a  heavy  framework  anchored  to  the  floor.  A  large  fly- 
wheel was  provided,  and  the  machine  was  operated  on  the  now 
familiar  toggle  principle.  In  1838.  the  Eagle  Strew  Co.,  of  Provi- 
dence, R.  I.,  was  started  by  William  G.  Angell,  and  Its  earliest  ma- 
chine was  what  is  known  today  as  the  old  Eagle  header.  At  the 
factory  of  the  American  Screw  Co.,  Providence,  R.  I.,  this  type 
of  machine  is  used  today  on  certain  classes  of  work.  Mr.  Benjamin 
Thurston,  superintendent  of  the  American  Screw  Co.,  states  that  In  the 
early  days  of  cold-heading  each  machine  was  mounted  upon  the  ends 
of  long  posts  which  ran  through  the  floor  down  to  a  solid  ground 
foundation. 

An  Old  Type  of  Header 

In  Fig.  5  is  shown  one  of  the  earliest  cold-beading  machines  now  In 

existence,  and  while  it  has  long  ago  out-lived  its  usefulness,  It  is  inter- 


heading  machines.  This  machine 
was  designed  by  W.  E.  Ward  and  built  by  RusselL  Rurdsall  &  Ward, 
of  Port  Cheater,  N.  Y.,  at  some  time  prior  to  1856.  The  line  >  :i_' 
Fig.  tl  gives  an  idea  of  the  general  principles  upon  which  this  machine 
operated,  from  which  it  will  he  seen  that  the  operation  of  the  punch 
was  effected  by  means  of  toggle  mechanism  actuated  by  a  cam  on  the 
lower  shaft  of  the  machine.  The  vertical  cross-section  through  the 
dies  Is  indicated  at  the  left.  Ab  the  machine  was  of  the  open-die  type, 
the  lower  die  was  actuated  by  another  cam.  Two  extremely  heavy 
rods  extended  the  length  of  the  sides,  as  shown  In  the  engraving.  Fig. 
G,  and  in  section  in  the  illustration.  Fig.  6.  Those  served  to  tie  the 
machine  together,  enabling  it  to  better  withstand  the  heading  opera- 
tion. The  output  of  this  machine,  which  was  used  for  making  stove 
bolts  y  to  %  inch  in  size,  was  about  30,000  headed  pieces  per  day  of 
eleven  hours. 

Op«*fttinK  Principle  of  Modern  Heading  Machine* 
Practically  allimodern  heading  machines  operate  upon  the  same  l«tt- 
eraJ   principle,    although   there   are   mans    mocAfteaWows  mv4   features 
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which  each  maker  considers  best.  By  referring  to  Fig.  7,  which  shows 
the  plan  view  of  a  modern  single-blow  solid-die  heading  machine,  it 
will  be  seen  that  there  is  a  heavy  framework  A,  at  one  end  of  which 
is  located  the  driving  shaft  2*.  rotated  by  a  driving  wheel  at  the  right- 
hand  side;  at  the  other  end  is  located  the  die-block  C.  Between  the 
sides  of  the  heavy  framework  is  a  movable  ram  D  which  serves  to 
actuate  the  heading  punch  E.  The  wire,  which  is  indicated  at  h\ 
enters  the  machine  through  feed  rolls  G  and  thence  through  the  frame- 
work of  the  machine,  passing  through  the  cut-off  quill  H.  At  the  left- 
hand  side  of  the  machine  is  supported  the  bracket  /,  in  which  slide  J 
may  be  reciprocated  by  means  of  a  crank  motion  from  the  main  driv- 
ing shaft.  Slide  J  contains  a  cam  groove  in  which  roll  K  is  fitted,  and 
as  roll  K  is  mounted  upon  the  cross-slide  L.  it  will  be  seen  that  a 
lateral  motion  is  thus  imparted  to  the  cut-off  knife  M,  located  on  the 
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Fig.   6.     Diagram  illustrating  Operation  of  Header  shown  in  Fig.   5 

end  of  cutter  bar.  The  ratchet  feed  advances  the  wire  through  the 
cut-off  quill  to  the  feed  stop,  not  shown,  after  which  cut-off  knife  M 
is  advanced  in  the  manner  just  described,  severing  the  wire,  but  retain- 
ing it  on  the  cut-off  blade  by  means  of  a  spring  finger.  The  advance 
of  the  cut-off  knife  and  wire  is  continued  until  \t  reaches  a  position 
directly  in  front  of  the  opening  in  die  X.  At  this  position  it  is  held 
stationary  long  enough  for  punch  E  to  begin  to  push  it  into  the  die,  at 
which  time  the  cut-off  knife  retreats  and  allows  the  punch  E  to  con- 
tinue its  work  by  pushing  the  blank  to  the  bottom  of  the  die  cavity, 
afterward  upsetting  the  projecting  part  of  the  wire  to  form  the  head. 
The  wire  blank  F,  when  pushed  into  the  die,  is  prevented  from  passing 
too  far  by  a  backing  pin  O.  After  the  piece  has  been  headed,  the 
backing  pin  is  advanced  by  ejecting  mechanism  operated  by  lever  P, 
which  receives  its  motion  from  a  crank  on  the  right  side  of  the  ma- 
chine connected  to  the  main  driving  shaft.  This,  briefly  stated,  is  the 
general  principle  upon  which  all  modern  heading  machines  of  the 
single-blow  solid-die  type  operate. 

There  are  two   distinct  principles   employed   for  recipro* 
movable  ram   >f  a  cold-header.    These  are  the  crank,  dt 
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jle  principle.    In  the  machine  juat  described  and  illustrated  In  Fl 
notion  Is  transmitted  to  the  ram  by  means  of  an  eccentric  upon  tl: 


odera   Cold -ho.  dor 

driving  shaft,  the  eccentric,  of  course,  being  a  mndlflcatl 
crank  principle  By  referring  to  the  diagram  Fig.  8,  ft  w 
that  In  the  crank -ope  rated  header  the  length  of  the  s'rol 
to  the  diameter  of  the  crankpin  circle,  and  that  one  stf>k 
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plished  In  each  revolution  of  the  driving  shaft  from  which  the  crank 
is  operated. 

The  crank  principle  is  employed  on  most  single-stroke  machines  and 
by  one  manufacturer  for  double-stroke  machines  as  well.  On  double- 
stroke  cold-headers  of  the  crank-operated  type,  it  will  be  seen  that  the 
crankshaft  must  make  two  revolutions  to  secure  the  two  strokes,  and 


Fig.  8.     Diagram  to  illustrate  Operation  of  Crank  Headers 

these  two  strokes  will  be  of  equal  length.  The  blow  secured  by  the 
crank-operated  header  is  of  a  quick  punching  character  rather  than 
a  gradual  squeezing  operation,  and  exponents  of  crank-operated  headers 
consider  this  feature  to  be  of  great  importance. 

Toggle-operated  Headers 

The  other  principle  upon  which  cold-headers  operate  is  the  toggle 
principle,  of  which  there  are  several  variations.    The  common  type  of 


Fig.  9.    Diagram  to  illustrate  Operation  of  Toggle  Headers  of 

Two-cycle   Type 

toggle  action  Is  that  shown  in  Fig.  9,  in  which  the  toggle  is  straightened 
by  a  crank-actuated  link,  which  brings  the  arms  of  the  toggle  to  a 
straight  line  once  during  each  revolution  of  the  eranirahaft  This,  of 
course,  gives  one  stroke  of  the  ram  to  <*  e  crank- 

shaft, but  the  blow  obtained  is  of  a  gn  especi- 

ally at  the  ends  of  t/j  stroke  whe 
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is  being  done.  This  type  of  toggle  mechanism  Is  known  as  the  two- 
cycle  type,  two  revolutions  of  the  crankshaft  being  necessary  to  com- 
plete a  "two-blow"  rivet  Another  type  of  toggle  operating  mechanism 
which  is  extensively  used  on  the  double-stroke  machines  is  illustrated 
in  Fig.  10,  from  which  it  will  be  seen  that  two  blows  are  struck  at 
each  revolution  of  the  crankshaft  which  operates  the  arms  of  the 
toggle.  As  this  type  of  machine  makes  a  two-blow  rivet  in  one  revolu- 
tion, it  is  termed  a  "one-cycle"  machine.  The  chief  difference  between 
the  two-cycle  type  of  toggle  action  and  the  one-cycle  type  lies  in  the 
fact  that  in  the  two-cycle  mechanism  the  toggle  is  straightened  when 
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Fig.  10.     Diagram  to  illustrate  Operation  of  Toggle  Hetdera  of 

One-cycle   Type 

the  extreme  of  the  crank  motion  is  reached,  but  in  the  one-cycle 
mechanism  it  is  straightened  midway  of  the  extreme  distance  of  the 
crank,  so  that  in  the  latter  machine  two  blows  are  secured  during  one 
revolution  of  the  crankshaft.  The  two  strokes  may  be  of  equal  length; 
the  first  stroke  may  be  the  longer,  or  vice  versa,  by  varying  the  dis- 
tance between  the  crankshaft  and  the  line  of  the  straightened  toggle. 
In  Fig.  10,  the  first  blow  is  the  long  blow  as  the  toggle  is  pushed  down 
to  the  straightening  point.  As  the  toggle  is  drawn  further  above  the 
straightening  line  than  it  was  below,  the  second  blow  will  be  the  short 
one,  as  indicated. 

Double-stroke  Cold-neaders 

In  describing  the  header  illustrated  in  Fig.  7,  it  was  stated  that  this 
was  a  single-stroke  machine  as  contrasted  with  a  machine  for  striking 
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two  blows  on  each  piece.  A  gre#t  many  jobs  of  beading,  howe' 
cannot  be  adequately  handled  on  a  single-stroke  machine,  as  there  is 
too  much  metal  to  be  upset  in  the  head.  When  the  amount  of  metal 
to  be  put  into  the  head  exceeds  two  and  one  half  diameters  of  the  wire 
iu  length.  It  la  necessary  to  employ  a  double-stroke  machine.  The 
double-stroke  machine  operates  in  practically  the  same  way  as  that 
shown  in  Fig.  7.  except  that  it  strikes  two  blows  in  rapid  succession 
upon  the  wire  blank  before  it  is  ejected.  The  preliminary  blow  Is 
known  as  the  coning  blow;  in  this  the  wire  is  partly  upset  and  pre- 
pared for  the  second  blow  which  finishes  the  head.  The  two  punches 
are  "slidably"  held  on  the  ram.  and  the  mechanism  for  changing  the 
positions  of  the  dies  for  the  two  blows  is  called  the  rlse-and-fall  mo- 
tion.    While  there  are  several  different  means  of  securing  this  motion. 
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Fij.    11.     Kechanlim  for  opentinr  Ingr.h.ra   Blie-Mid-fmll   Motion 

the  Ingraham  rise-and-fall  motion  used  on  Blake  &  Johnson  cold- 
headers  Is  typical.  By  referring  to  the  line  illustration  Fig.  11,  which 
shows  a  side  elevation  of  the  principal  parts.  In  connection  with  the 
halftone  illustrations  Figs.  12  and  13,  the  operation  of  this  device  can 
be  readily  followed.  Upon  the  end  of  ram  A,  the  die-holding  slide  B 
is  secured.  This  slide  is  free  to  move  vertically  so  that  upper  punch 
C  or  lower  punch  D  may  be  operated  in  alignment  with  the  stationary 
die.  In  Figs.  12  and  13.  these  dies  are  not  shown.  Pivoted  upon 
bracket  E.  which  is  bolted  to  the  left  side  of  the  frame,  as  shown  In 
Figs.  12  and  13.  is  the  lever  F  which  controls  the  rlse-and-fall  movement 
of  the  punch  elide.  This  lever  is  actuated  by  a  cam  upon  the  driving 
abaft  of  the  machine,  as  indicated  at  G,  Figs.  12  and  13.  At  the  op- 
posite end  of  lever  F,  a  bearing  pin  H  is  adjustably  mounted,  being 
free  to  slide  in  the  ways  provided  in  section  /  of  the  punch-holding 
slide.  Thus  by  having  cam  ';  of  the  proper  shape,  the  rise  and  fall 
of  punch-holding  slide  B  may  be  so  timed  that  at  tbe  time  of  the  po- 
sition of  the  first  blow,  punch  C  will  be  in  line  with  the  die.  and  at  the 
time  of  the  position  of  the  second  blow,  punch  D  will  he  InUwi  tW^Mwh 
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It  la  obvious  that  on  double-stroke  machines,  the  wire  feeding, 
folT  and  ejecting  mechanism  must  be  geared  to  agree  with  every 
fond  stroke  of  the  ram. 

TriDle-Htrolte  Headers  and  Keheaders 

■in    iicldltloii    to    single-    and    double-stroke    machines,    triple-stroke 

baders   are   sometimes   used   where   the   amount   of   metal   to   be   dls- 
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iore  than  can  he  effected  with  two  blows.  Trtple-6troke 
:  similar  In  action  to  other  headers,  except  that  three 
;  struck.  Two  blows,  however,  will  usually  upset  the  metal 
of  most  heads  to  a  point  of  crystallization  so  that  except  in  special 
instances  the  use  of  a  third  blow  would  be  of  no  advantage,  because 
the  blanks  would  require  annealing  before  a  third  blow  could  be 
struck.  Many  heading  Jobs  require  two  distinct  operations  to  per- 
form tile  work,  usually  on  account  of  the  shape  of  the  pieces.     For  this 
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e  the  work  is  carried  as  far  aa  possible  nlth  an  ordinary  .loaV 
■it  double-stroke  header,  after  which  the  pieces  ace  inmllll 
pl-ted   In   a   rehcader.     By   moans   of  an   automatic   IWW  '  ■ 

partly  formed  pieces  are  placed  In  the  heading  dies  and  Hie  mlw  1 
qnent  operations  performed.  Reheaders  are  made  with  strike  one,  | 
two  ur  three  blows. 

Open -die  Muciilotn 
Thus  far  we  have  only  described  single-  and  An 
ol  Che  solid-die  type,  but  fur  handling   work   in   vhlob   U 


it   U   necessary    to  employ   Mm   whlrh   open   longitudinally   to    uuib* 

ejection    of    tbe    work    pu aflat*.      Th«     hi  ijpartM    ilw 

metal  of  the  blank   for  lt»  entire  length   In  addlll 

of  the  head,  a©  that  the  metal  of  the  shank  Is  wtamaM 

the  aM«s  at  the  41*.     In  the  owe  »1  a  wild  dU  till*  upwltli.ji   <,l   ih- 

metal  In  the  shank  make*  the  realstanc*  to  ejection  Um  great,  eep-rUlly 

wheo  the  wort  baa  ■  *«ry  loDg  shank. 

Cold-headers  employing  open  diaa  raoalfe  4U«pmllii|  nwttaaiaw 
•f  an  entirely    different   character  f/«m    that    whb'ri    I*   •-•■    ■ 


14  No.  119— COLD-HEADING 

die  machines.  By  referring  to  Figs.  U  and  1G,  the  operation  of  the 
dies  of  a  machine  of  this  type  may  be  followed.  Referring  to  Fig.  14, 
the  framework  of  the  header  la  shown  at  A,  the  ram  at  B,  and  the 


Tit.  1ft.    Sid*  Election  of  Dies  ud  Spring  Ha 

punch  at  C.  The  two  halves  which  constitute  the  dies  are  shown  at 
D  and  E.  The  wire,  which  la  indicated  at  F,  runs  through  straighten- 
ing rolls  of  the  usual  type  through  the  framework  of  the  machine  as 
well   as   the  die-holding   block,   and   thence   through   the   dies   them- 
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la  feeding,  the  wire  is  rsr  ou:  against  a  stop*  hoi  shewn. 
and  is  est  off  by  the  movement  of  tie  uo  halves  of  the  die  in  uni*on 
toward  the  right,  which  also  brills  the  mire  blank  over  into  line 
with  the  heading  punch  C.  Di"er«it  makers  of  cold-headers  uw 
different  methods  for  moving  the  die-blocks,  and  one  of  those  con- 
stmctioiui  is  here  illustrated.  The  actios  of  This  mechanism  is  beat 
shown  by  the  sectional  view  in  Fig-  14.  A  £at  cam  i;  is  reciprocated 
by  a  crank  connection  to  the  driving  shaft  of  the  machine.  When  this 
flat  cam  is  pushed  in.  it  raises  the  toggle  of  *  hich  arms  H  and  /  are 
members.  This  action  tends  to  straighten  another  toggle  composed 
of  arms  J  and  K.  and  in  straightening  the  latter  toggle,  slide  L  ta 
made  to  posh  die-halves  D  and  £  laterally,  thus  soxoring  the  mire  and 
moving  it  into  the  heading  position.  A  spring  pin  .If  assists  in  return- 
ing; the  toggle  mechanism  for  another  operation.  Uy  referring  to  the 
sectional  Illustration,  it  will  be  seen  that  the  corners  of  the  two  halve* 
of  the  die  are  chamfered.  A  wedge  pin  .V.  more  clearly  shorn  n  tn  the 
smaller  illustration.  Fig.  15,  fits  into  this  chamfered  opening  at  the 
parting  line,  and  by  means  of  a  fiat  spring  which  presses  downward 
upon  the  wedge  pin,  it  tends  to  force  the  dies  apart  whonoxer  lateral 
pressure  is  removed.  This,  of  course,  facilitates  the  ejection  of  the 
headed  piece,  which  takes  place  when  the  new  length  of  mire  come* 
forward.  Similarly,  two  spring  pins  O  are  provided  which  pre** 
against  a  filler  block  P  on  the  opposite  side  from  the  dicniporattng 
plunger  L.  These  serve  to  return  the  dies  to  the  cut -oft  position  after 
the  piece  has  been  headed. 

In  the  heading  position  the  rear  end  of  the  wire  blank  is  hacked 
up  by  backing  plate  Q,  which  is  of  hardened  steel,  so  that  the  rivet 
or  screw  blank  is  effectively  contained  while  being  headed.  Front 
this  construction  it  will  be  seen  that  the  length  of  the  dies  must  ho 
the  exact  length  of  a  headed  rivet  or  screw  blank  measured  under 
the  head. 


CHAPTER    II 

COLD-HEADING  MACHINES  AND  OPERATIONS 

In  the  preceding  chapter  the  principles  of  cold-heading,  together 
with  its  early  history  and  a  general  outline  of  the  machines  employed, 
were  given.  In  this  chapter  a  brief  description  of  representative 
machines  of  each  of  the  principal  types  of  cold-headers  will  be  given, 
with  statements  of  the  possibilities  and  limitations  of  the  work  which 
may  be  done  on  each  of  these  classes  of  machines.  From  the  preced- 
ing pages  it  will  be  gathered  that  all  cold-headers,  whether  of  the 
crank-  or  toggle-operated  types  may  be  divided  into  single-  and  double- 
stroke  machines  on  the  one  hand,  and  into  solid-  and  open-die  machines 
on  the  other  hand.  When  we  consider  that  single-stroke  machines 
may  be  of  solid-  or  open-die  types,  and  double-stroke  machines  of 
solid-  or  open-die  types  either  crank-  or  toggle-operated,  and  that  the 
toggle-operated  machines  may  be  either  one-  or  two-cycle  type,  it  will 
be  seen  that  to  describe  each  of  the  combinations  that  are  found  in 
cold-heading  machinery  would  be  an  endless  task.  In  addition  to  the 
above-mentioned  class  of  heading  machinery,  there  are  reheaders  of 
single-,  double-  and  triple-strokes;  and  in  the  special  industries  like 
that  of  tack-  and  nail-making  the  machines  are  still  more  special,  but 
by  describing  the  most  common  of  the  machines  in  general  use  an 
adequate  idea  of  cold-heading  machinery  will  be  given,  as  the  general 
operating  principles  are  similar. 

E.  J.  ManvlUe  Single-stroke  Solid-die  Cold-header 
The  single-stroke  solid-die  header  is  undoubtedly  the  simplest  of 
all,  and  for  that  reason  has  been  selected  for  the  initial  description. 
This  machine  is  built  in  six  sizes;  the  smallest  size  handles  wire  up 
to  Vs  inch  diameter  and  the  largest,  which  is  the  machine  illustrated 
in  Fig.  16,  handles  wire  up  to  ^  inch  diameter.  The  frame  is  of  very 
heavy  section  and  the  crankshaft,  which  is  of  large  diameter,  is  made 
of  forged  nickel  steel.  The  bushings  which  support  this  crankshaft 
have  their  bearings  close  to  each  side  of  the  crankpin  so  that  there  is 
little  danger  of  bending  the  crankshaft  by  the  heavy  work  required  in 
cold-heading.  The  wire  is  fed  in  from  the  front  of  the  machine  through 
the  usual  type  of  grooved  roll  and  is  lubricated  by  a  reservoir  below 
the  lower  feed-roll.  The  cut-off  is  operated  from  the  side  in  the  manner 
described  in  the  previous  chapter,  and  on  this  machine  a  safety  con- 
nection is  provided  between  the  crank  and  cut-off  cam  slide.  This  is  In 
the  form  of  a  shear  pin  so  that  if  excessive  load  is  placed  upon  the  cut- 
off knife  the  machine  will  stop  without  doing  damage  other  than  shear- 
ing the  safety  pin.  A  patented  form  of  cut-off  knife  is  employed  so 
that  the  blank  will  be  held  rigidly  while  being  sheared  and  thus  cut 
squarely.  This  is  an  essential  feature  on  single-stroke  machines,  for 
as  there  is  no  preliminary  or  coning  blow  to  centralize  the  stock,  it 
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must  go  to  the  dies  in  good  condition  after  bjing  cut  off.  The  bal- 
ance wheel  la  very  heavy  in  design,  and  as  It  is  essentia!  that  a 
heading  machine  be  slopped  at  some  pclnt  OfkBt  than  the  center,  a 
foot  brake,  shown  In  Fig.  16,  Is  provided,  so  that  the  wheel  may  be 
stopped  at  any  desired  point  in  its  revolution. 

Single-stroke  headers  of  the  open-die  typo  are  not  very  largely 
used  except  in  the  wood-screw  Industry.  The  main  point  of  difference 
between  this  type  of  machine  and  the  one  previously  described  Is  the 
die-operating  mechanism,  and  this  mechanism  was  described  in  gen- 
eral in  the  preceding  chapter. 

Blake  ei  Johnson  Double-stroke  Solid-die  Cold-header 
Fig.  17  illustrates  a  double-stroke  solid-die  header  made  by  the 
Blake  &  Johnson  Co.  of  Waterbury,  Conn.  This  machine  Is  one  of  the 
latest  of  its  class  aud  has  some  radical  differences  which  are  worthy 
of  description.  This  is  the  first  header  to  be  made  with  a  pan  or  tray 
between  the  frame  and  tegs.  In  addition  to  catching  dripping  oil  and 
odd  ends  of  wire  it  furnishes  a  shelf  for  catching  the  finished  work. 
This  form  of  construction  results  in  a  more  rigid  machine  than  any 
of  those  types  where  long  slender  legs  ore  employed.  By  observing 
the  cut-off  eam-tlide  mechanism  at  the  center  of  Fig.  17,  It  will  be 
seen  that  the  cam  groove  Is  cut  In  the  face  of  a  segment  rather  than 
in  a  slide.  This  segment  is  pivoted  on  a  stud  as  shown,  and  it  Is 
claimed  that  less  power  Is  required  for  its  operation;  in  addition  It 
makes  a  more  compact  arrangement.  The  connecting-rod  which 
operates  the  cut-off  cam  Is  held  by  clamping  at  its  operating  end  and 
when  this  clamp  is  set  to  the  proper  tension  to  do  the  work  it  acts  as  a 
safety  device,  allowing  the  connecting-rod  to  slip  if  excessive  strain  is 
placed  upon  it.  The  distinguishing  feature  between  single-  and  double- 
stroke  machines  is  the  rlse-and-fall  motion  which  must  be  used  for 
raising  and  lowering  the  punch-block  bo  that  the  two  punches  strike 
alternately  on  the  head  of  the  wire  blank.  The  mechanism  that  pro- 
vides for  this  is  the  lngraliam  rise-and-fall  motion  which  was  fully  de- 
scribed in  the  previous  chapter.  This  type  of  mechanism  has  the  ad- 
vantage of  being  located  at  the  top  of  the  machine  where  it  is  most 
accessible  and  convenient  to  adjust. 

On  this  machine  lubrication  is  provided  for  by  dripping  oil  from  a 
cast-iron  pot  that  is  mounted  on  a  stud  at  the  head  of  the  machine. 
From  (nls  pot  the  oil  drips  to  a  hole  In  the  bed  over  the  wire  line  from 
which  it  drops  on  the  wire  Just  before  the  latter  enters  the  dies.  Lubri- 
cation is  an  important  feature  on  cold-headers  especially  when  annealed 
steel  or  iron  wire  Is  being  worked,  because  the  lime  film  which  remains 
from  the  annealing  operation  renders  the  wire  hard  to  eject  unless  lub- 
ricated. The  feed  Is  operated  by  the  thrco-pawl  system  so  that  the  fin 
est  adjustments  of  feeding  lengths  may  be  obtained.  The  crankshaft 
bearings  are  cored  out  and  provided  with  chain  oilers,  which  are  a  new 
feature  on  cold-headers.  The  capacity  of  this  machine  is  the  beading  of 
hlanks  3/16  inch  diameter  up  to  l1,i  Inch  length  under  the  head. 
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Watertmry-Farrel  Double- stroke  Solid-die  Header 
Oub  of  the  most  popular  of  the  double-stroke  solid-die  headers  Is  that 
made  by  the  Waterbury  Farrcl  Foundry  &  Machine  Co.,  Waterbury, 
Conn.  The  machine  is  made  in  one-  and  two-cycle  types,  shown  in  Figs. 
18  and  21,  respectively.  Both  of  these  machines  are  of  the  toggle-oper- 
ated type;  the  operating  principles  of  one-  and  two-cycle  headers  were 
explained  in  Chupter  I.  "Principles  of  Cold'heading."  The  machine 
illustrated  in  Fig,  18  is  the  No.  0  size  and  ba3  a  capacity  for  heading 


wire  up  to  and  including  oiif-cighth  inch  In  diameter.  It  is  designed  to 
handle  wire  rivets  or  blanks  up  to  one  inch  in  length,  under  the  head, 
this  being  the  largest  amount  of  one-eighth  inch  wire  that  can  be  easily 
ejected  from  a  solid  die.  This  machine  has  been  highly  developed  and 
embodies  all  the  latest  Improvements  in  heading  machinery.  On  ac- 
count of  its  being  of  the  one-iyrle  type,  striking  two  bloua  to  each  revo- 
lution of  the  flywheel,  the  machine  can  be  run  at  a  comparatively  slow 
sp.-'ed  and  still  obtain  a  large  production.  As  If  >.=.i-..i  la  solid-die  ma' 
chines,  the  wire  is  fed  through  feed  rolls  and 
up  against  a  rigid  feed-stop  so  that  thi 
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determined.  The  cut-off  bar  Is  of  the  usual  type  carrying  a  cut-off  blade 
at  Its  end  and  In  most  Instances  the  cutting  off  and  tarrying  Is  done 
with,  the  aid  of  a  "Addle-bow"  carrier. 

This  fiddle-bow  carrier,  perhaps,  needs  a  word  of  explanation,  and  for 
that  reason  Is  shown  in  detail  In  Fig.  19.  The  purpose  of  this  type  of 
carrier  Is  to  back  up  the  cut-off  blade  when  severing  the  wire  and  assist 
In  transporting  the  blank  to  the  beading  die.  In  Fig.  18  a  view  of  the 
fiddle-bow  carrier  may  be  seen.  From  this,  in  connection  with  Fig.  19, 
which  Is  a  view  of  the  die  end  of  the  machine  from  the  Inside,  It  will  be 
seen  that  the  mechanism  consists  of  a  carrier  A.  supported  in  a  bracket 
B  at  one  end,  pivoted  and  actuated  by  end  bracket  C  which  Is  bolted  to 
the  end  of  the  cut-off  slide.  At  the  operating  end  of  carrier  A,  an  arm 
D  is  pivoted,  being  normally  kept  in  its  uppermost  position  through  a 


Flf.  19.    Coutroetlon  of  the  "Ftddto-Bow"  Ctrrira 

spring-encircling  rod  E.  This  rod  Is  slotted  at  the  upper  section  so  that 
the  arm  D  is  free  to  move  up  or  down.  Finger  /'  is  the  active  part  of 
this  carrier,  and  when  the  wire  emerges  from  the  cut-off  quill  G,  this 
finger  Is  on  the  opposite  side  from  the  cut-off  blade,  being  held  there  by 
pressure  of  the  spring  located  on  rod  E.  When  the  cut-off  blade  advan- 
ces, the  wire  is  prevented  from  being  deflected  at  Its  outer  end  under  the 
cutting  pressure  and  Is  held  perfectly  square  while  the  cut  is  being1 
made.  Now  when  the  cut-off  blade  advances  with  the  blank  toward  the 
heading  die  H,  the  fiddle-bow  carrier  mechanism  also  advances  through 
contact  of  bracket  C  with  carrier  A  which  slides  through  supporting 
bracket  B.  After  It  is  in  the  heading  position  and  the  blank  partly  has 
entered  into  the  die,  the  cut-off  slide  returns  and  finger  F  of  the  carry- 
ing mechanism  snaps  back  over  the  wire  and  brings  up  against  the  new 
length  of  wire  which  has  advanced  through  the  cut-off  quill  G.  The  ad- 
vantage in  using  this  type  of  carrier  Is  that  the  wire  Is  supported  be- 
hind the  cutting  action  and  a  square  end  of  the  blank  is  the  result.  This 
Is  Important,  for  If  the  cut  Is  not  square,  the  head  of  the  finished  pro-* 
duct  will  be  'lop-sided." 
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Tbe  beading  operations  are  actuated  by  the  well-known  powerful 
knuckle-joint  mechanism,  of  which  the  Waterbury  Farrel  Foundry  Co. 
are  exponents,  and  as  was  explained  in  the  preceding  chapter,  the  one- 
cycle  type  is  characterised  by  the  striking  of  one  long  stroke  and  one 
short  stroke  of  the  heading  slide  as  contrasted  with  two  atrokes  of  even 
length  in  the  two-cycle  type.  The  relative  length  of  the  two  strokes  may 
he  governed  by  the  design  of  the  luggle  mechanism,  and  it  is  customary 
>  strike  the  long  blow  which  does  the  coning  or  bulbing  first.  The 
second  blow,  which  completes  the  heading,  is  taken  care  of  by  the  short 
stroke;  the  reason  for  this  is  that  concentrating  the  same  amount  of 
power  into  a  short  stroke  gives  a  more  powerful  heading  effect — just 
what  is  wanted  for  the  final  setting  of  the  wire.     On  this  make  of  ma- 
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Fig.  10.     Tyi'i"!  Ei.mplti  of  Beheading  requiring  in  Opectiie  Machine 

e,  the  heading  slide  has  ample  wearing  surfaces  and  Is  glbbed  for 
taking  up  wear. 

The  toggles,  upon  which  so  much  depend  In  this  class  of  machinery, 
are  made  of  a  special  grade  of  bronze  with  adjustable  steel  side  plates 
for  taking  up  wear.  The  connecting  toggle-pin  is,  of  course,  of  tool 
steel,  hardened  and  ground.  One  important  feature  of  the  toggle  con- 
struction is  that  the  machine  can  easily  be  brought  "off  centers"  by 
hand.  In  case  it  should  get  stuck  while  operating  upon  a  damaged  hlank 
or  on  account  of  excessive  pressure.  This  construction  also  makes  the- 
setting  of  the  tools  easy  when  operating  the  machine  by  hand.  The 
feed  mechanism  is  of  the  usual  type  with  two  grooved  east-iron  feed- 
rolls  through  which  tbe  wire  passes.  Cast-iron  rolls  are  used  as  it  his 
been  found  that  the  wire  slips  less  than  when  steel  rolls  are  employed. 
By  means  of  a  pawl-arm  operated  from  an  eccentric  on  (he  crankshaft, 
the  length  of  the  feed  can  easily  be  r<  *n1  even  though  the  machine  is 
8  opera*  **il  Hide  which  may  he 


i  at  the  right  of  the   road 
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forth  through  the  cut-off  bracket,  thus  actuating  the  cut-off  blade.  A 
safety  slip  device  is  provided  so  that  if  excessive  strain  is  brought 
against  the  cut-off  blade,  the  blade  will  not  be  broken,  but  will  be  stop- 
ped in  its  action  by  the  slipping  of  the  safety  mechanism.  The  punch- 
shifting  mechanism  is  positive,  the  punch-slide  being  shifted  both  in  its 
up  and  down  position  against  stop-screws  so  that  they  will  surely  be  in 
line  when  the  respective  blows  are  struck.  Adjustment  is  provided  so 
that  the  punches  may  be  moved  sidewise,  up  or  down,  or  longitudinally. 
The  longitudinal  adjustment  is  obtained  from  a  broad  wedge  in  back  of 
the  toggles  at  the  end  of  the  frame.  The  knockout  is  located  in  the  end 
of  the  bed  and  ejects  the  work  from  the  die  by  means  of  a  lever  that 
pivots  in  the  feed-roll  bracket,  operated  from  a  cam  on  the  crankshaft 
The  entire  thrust  of  the  heading  blow  is  taken  on  a  stop-screw  which 
backs  up  the  knockout  pin  and  accurately  determines  the  correct 
length  of  rivet  made. 

Double-stroke  Solid-die  Geared  Header— Two-cycle  Type 

The  Waterbury  Farrel  Foundry  Co.  also  makes  a  solid-die  double- 
stroke  header  of  the  two-cycle  type,  and  Fig.  21  shows  the  No.  3  size  of 
this  machine.  It  has  a  capacity  for  heading  three-eighths  inch  rivets 
at  the  rate  of  fifty-five  per  minute.  This  is  a  geared  macMne  of  great 
power,  and  it  requires  two  revolutions  of  the  crankshaft  to  produce  each 
rivet,  in  accordance  with  the  two-cycle  principle.  This  means  that  the 
feeding,  cut-off  and  ejecting  mechanism  is  geared  down  so  that  these 
functions  operate  only  once  while  the  heading  slide  is  making  two 
strokes.  While  this  machine  is  more  powerful  than  the  one-cycle  type, 
it  is,  of  course,  slower  in  its  action,  and  the  crankshaft  and  toggle  me- 
chanism must  go  through  twice  as  many  motions  to  produce  a  rivet  as 
was  the  case  in  the  one-cycle  type.  As  in  the  previously  described  ma- 
chine, the  wire  passes  through  the  feed-rolls  and  cut-off  quill  and  brings 
up  against  the  feed-stop.  The  cut-off  blade  is  actuated  in  connection 
with  the  fiddle-bow  carrier  which  holds  the  blank  to  the  cut-off  blade 
and  assists  in  carrying  it  to  the  heading  position  in  line  with  the  die. 
The  upper  heading  punch  strikes  the  first  blow,  forcing  the  blank  into 
the  die  and  centralizing  the  wire  preparatory  to  the  second  blow  which 
is  struck  by  the  lower  punch,  thus  forming  the  finished  head.  The 
heading  slide  then  draws  back  and  the  punches  are  shifted  down  ready 
to  operate  on  the  next  blank. 

The  crankshaft  is  of  large  size  and  runs  in  bronze  lined  bearings  on 
the  larger  machines.  The  flywheels,  of  which  there  are  two  on  the 
large  size  machine,  are  held  to  the  crankshaft  between  friction  disks 
which  slip  and  prevent  damage  to  the  machine  should  undue  strain  be 
imposed.  The  toggles  on  the  machines  are  made  of  the  best  grade  of 
cast  iron,  and  provision  is  made  for  taking  up  the  wear.  The  feed  and 
cut-off  mechanism  are  the  same  as  in  the  type  of  machine  previously 
described,  and  a  safety  shear  pin  is  provided  so  that  should  the  head- 
ing die  become  loose  and  project  out  far  enough  to  prevent  the  cut-off 
knife  from  passing,  or  should  the  cut-off  knife  be  obstructed  from  any 
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other  cause,  the  safety  shear  pin  will  be  severed,  causing  no  other 
damage  to  the  machine.  This  shear  pin  is  a  plain  straight  piece  so 
that  it  is  a  simple  matter  to  insert  a  new  one. 

A  relief  motion  can  be  furnished  for  this  machine  if  desired.  It  con- 
sists of  a  mechanism  that  allows  the  knockout  pin,  against  which  the 
blank  is  forced  during  the  heading  operation  to  draw  back  after  the 
blow  is  struck.  This  allows  the  metal  to  flow  into  the  dies  more  freely 
on  the  second  blow,  and  is  especially  desirable  on  such  work  as  requires 
squares  or  shoulders  underneath  the  head.  By  a  proper  knowledge  of 
the  use  of  this  relief  motion,  a  great  many  difficult  jobs  of  heading  can 
be  accomplished  with  facility. 

B.  J.  Manvllle  Double-stroke  Open-die  Cold-header  • 

*  Double-stroke  cold-headers  of  the  open-die  type  are  the  most  compli- 
cated of  the  ordinary  run  of  heading  machines,  for  in  addition  to  the 
rise-and-fall  motion  for  operating  the  punch  block,  provision  must  be 
made  for  opening  and  closing  the  dies.  In  Fig.  22  is  shown  the  E.  J. 
Manvllle  double-stroke  open-die  header.  This  machine  is  made  in  four 
sizes;  the  one  illustrated  is  the  No.  4  machine  which  handles  wire  up  to 
one-half  inch  diameter.  This  header  is  of  the  crank-operated  type,  and 
the  wire  enters  through  feed-rolls  of  the  usual  type  and  thence  to  its 
cut-off  position  between  the  square  dies.  The  dies  are  then  forced  side- 
wise,  shearing  the  wire  and  carrying  the  blank  over  to  the  heading  posi- 
tion. When  in  line  with  the  backing  block,  the  first  or  coning  punch 
centers  and  partly  heads  the  wire,  leaving  it  in  condition  for  the  second 
punch  to  finish  the  work.  On  this  machine  the  punches  are  locked  auto- 
matically in  both  up  and  down  positions  while  the  blows  are  being 
struck.  Another  distinguishing  feature  of  this  machine  is  that  the 
wire  feed  is  operated  from  the  right-hand  side  of  the  machine  as  may 
be  seen  in  Fig.  22.  This  leaves  the  front  corner  of  the  machine  on  the 
wheel  side  free  from  all  mechanism  so  that  the  operator  can  observe 
the  working  of  the  tools  easily. 

The  feed-pawl  operates  only  at  every  second  stroke  of  the  machine, 
for  it  will  be  remembered  that  this  is  a  double-stroke  machine.  By 
means  of  a  handwheel  which  may  be  seen  opposite  the  lower  parts  of 
the  ratchet  feed  wheel  a  quick  and  accurate  setting  of  the  pawl  may  be 
made  and  it  may  be  regulated  while  the  machine  is  running.  The  wire 
feed  is  easily  started  or  stopped  by  a  hand  lever. 

A  safety  connection  is  provided  between  the  die-operating  cam  and 
the  crankshaft,  in  which  there  is  a  cast-iron  plate.  Should  any  obstruc- 
tion prevent  the  dies  from  closing,  this  cast-iron  plate  will  break  and 
drop  to  the  floor,  thus  instantly  disconnecting  the  crank  and  cam-slide. 
An  automatic  throw-off  instantly  stops  the  wire  from  the  feed  when 
this  safety  device  is  brought  into  play.  This  machine  is  also  provided 
with  a  foot  brake  to  assist  in  stopping  the  header  at  the  proper  point 

Waterbury-Farrel  Double-stroke  Solid-die  Reheat  er 

The  varieties  of  reheaders  are  almost  as  numerous  as*  all  the  other 
types  of  headers  combined.     The  most  common  types,  hovever,  are  the 
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louble-stroke  machines  of  solid-  or  open-die  types, 
sentative  machine  of  the  double-stroke  solid-die  type  la  Illustrated  in 
Fig.  23  which  shows  a  machine  made  by  the  Waterbury  Farrel  Foundry 
&  Machine  Co.  This  machine  takes  partly  headed  rivets  or  screw 
blanks  after  they  leave  the  heading  machine  proper,  and  by  means  of  a 
hopper  feed,  the  blanks  are  automatically  fed  to  the  die  in  the  reheader, 
thus  making  the  operation  entirely  automatic.  Automatic  hopper  feeds 
are  of  different  types,  but  the  usual  form  consists  of  a  hopper  into  which 
the  blanks  are  thrown  promiscuously.  They  are  caught  by  their  heads 
In  a  blade  which  has  a  slot  at  the  top,  slightly  wider  than  the  body  of 
the  blank.  This  blade  rises  vertically  through  the  center  of  the  hopper, 
and  as  it  passes  through  the  mass  of  blanks,  s 
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by  their  heads  and  are  carried  to  the  uppermost  position,  where  there  is 
an  extension  of  the  slotted  inclined  chute.  The  blanks  slide  down  this 
chute,  which  may  be  seen  between  the  hopper  and  the  flywheel,  Fig.  23, 
and  a  guard  which  passes  over  the  heads  of  the  blanks  prevents  any 
which  are  not  in  the  proper  position  from  passing.  A  transfer  slide  on 
a  line  with  the  dies  supports  a  pair  of  lingers  that  pick  a  blank  from 
the  carrier  Bllde  and  deliver  It  at  the  proper  time  to  the  heading  die 
where  punches  do  the  reheadlng.  The  operation  of  the  heading  mechan- 
ism Is  practically  the  same  as  that  of  the  standard  heading  machines; 
In  fact  some  of  the  types  of  standard  heading  machines  can  be  fitted 
with  reheadlng  attachments.  To  do  this  it  is  necessary  to  take  off  the 
cut-off  slide  and  substitute  a  transfer  slide  for  conveying  the  blanks  to 
the  die.  The  reheader  here  shown  has  a  capacity  for  handling  &~Incb 
wire,  producing  from  50  to  60  rivets  per  hour.  . 

Cold-heading  Operations 
After  describing  the   different   types   of  cold-headini 
next  step  is  to  take  up  the  work  for  which  each  Vrga 
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By  the  process  of  elimination  we  can  dispose  of  the  open-die  types  of 
machines  with  the  simple  statement  that,  if  the  blank  to  be  produced  is 
over  nine  or  ten  diameters  of  the  wire  in  length  under  the  head,  it  must 
be  made  upon  an  open-die  machine.  There  are,  of  course,  exceptions  to 
this  rule,  but  they  are  so  special  that  they  need  not  be  considered  here. 
In  general,  open-die  machines  are  faster  than  solid-die  machines  of  the 
same  size,  as  the  open-die  cut-off  mechanism  is  simple  and  much  more 
rapid  in  its  action.  A  rivet  or  screw-blank  made  on  an  open-die  ma- 
chine is  easily  distinguishable  by  light  raised  lines  under  the  head  and 
along  opposite  sides,  caused  by  the  metal  being  crowded  into  the  crev- 
ices between  the  dies  when  the  heading  pressure  separates  them  ever 
so  slightly.  The  tools  used  in  the  open-die  machines  are  more  costly  to 
make,  and  each  set  is  good  only  for  one  particular  length  of  rivet  In 
speaking  of  the  wire  in  units  of  diameter,  all  sizes  are  included  under 
the  general  rules.  Thus,  while  only  1*4  inch  of  %-inch  wire  can  be 
ejected  from  a  solid  die,  3%  inches  would  be  the  limit  when  working 
%-inch  wire.  Similarly,  when  heading  in  the  single-stroke  machines, 
two  and  one-half  diameters  of  any  size  of  wire  is  all  that  can  be  put  into 
a  head. 

Single-stroke  Heading: 

Excluding  reheading,  we  have  only  the  single-  and  double-stroke  head- 
ing to  consider,  since  the  heading  operation  on  solid-  and  open-die  ma- 
chines are  the  same.  It  has  been  stated  that  the  limit  which  may  be 
reached  with  a  single-stroke  cold-header  is  the  upsetting  of  two  and  , 
one-half  diameters  of  the  wire  into  the  head.  By  this  we  mean  that  no 
matter  how  soft  the  wire  is,  nor  how  carefully  it  is  cut  off,  an  unsup- 
ported length  of  two  and  one-half  diameters  irrespective  of  the  size  is 
all  that  can  be  controlled  by  a  single  heading  punch.  If  a  larger 
amount  of  wire  is  left  unsupported  and  struck  by  the  heading  punch  it 
will  buckle  at  the  center  and  be  forced  over  to  one  side.  A  typical 
single-stroke  solid-die  heading  job  may  be  seen  at  A,  Fig.  24.  The  upper 
illustration  shows  the  wire  blank  and  the  lower  view  the  finished  piece. 
At  B,  to  the  right,  is  a  similar  single-stroke  heading  job,  but  one  which 
requires  an  open  die  machine  on  account  of  its  length.  Now,  turning 
to  Fig.  26,  the  action  of  the  metal  under  the  heading  operation  may  be 
followed.  In  the  upper  illustration  the  blank  is  represented  with  the 
metal  for  the  head,  comprising  two  diameters,  extending  from  the  die. 
The  four  illustrations  which  follow  are  intended  to  convey  an  idea  of 
the  way  the  metal  spreads  under  the  advance  of  the  heading  punch. 
The  heading  punch  is,  of  course,  in  this  case  recessed  to  shape  the 
fillister  head  to  be  given  the  blank.  It  will  be  seen  that  we  have. 
here  the  same  result  as  was  obtained  in  our  preliminary  experiment 
with  the  hammer  in  the  first  chapter.  The  metal,  when  first  under  pres- 
sure, commences  to  bulge  next  to  the  die  and  continues  spreading  out 
until  confined  by  the  limits  of  the  recess  in  the  punch.  At  the  right- 
hand  side  of  Fig.  26  we  have  a  similar  single-stroke  heading  opera- 
tion taking  place  on  a  wire  blank  which  was  too  long  to  be  headed  in 
a  solid  die.     In  this  instance  the  head  was  oval,  countersunk  in  shape 
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two  and  one-half  diameters  were  upset  in  the  head.  This  repre- 
sents practically  the  limit  of  a  single-stroke  heading  operation.  The 
flow  of  the  metal  is  represented  by  the  four  illustrations  within  the 
brace,  and  the  lower  view  shows  the  completed  blank  in  the  die 
ready  for  ejection. 

Double-  stroke  Heading 


It  la  c 


double-stroke  heading  operations  that  we  find  the  most  in 
as  well  as  the  most  difficult  work.     Referring  to  Fig.  24,  i 
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double-stroke  solid-die  product  may  be  seen  at  C.  and  at  E  a  double- 
stroke  open-die  product.  The  only  reason  for  using  the  open-die  ma- 
chine for  producing  the  work  shown  at  £,'  is  on  account  of  its  length. 
The  head  in  itself  could  just  as  well  have  been  produced  on  a  solid- 
die  machine  of  the  double-stroke  type. 

In  all  double-stroke  heading  operations  the  first  blow,  known  as  t 
coning  blow,  Is  used  for  centering  and  staxtAft?,  Wie  Veatoi 
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tion.  and  leaves  tlie  wire  in  condition  to  be  readily  finished  by  the 
second  blow  which,  does  most  of  the  work.  Referring  again  to  C  in 
Fig.  24,  the  upper  view  shows  the  wire  cut  off,  and  in  the  center  is 
shown  the  result  of  the  coning  blow.  The  punch  which  does  the  coning 
is  shaped  so  an  to  "gather"  the  slock,  tapering  it  at  the  end  and  alio 
ing  it  to  partially  head  next  to  the  die,  bo  that  when  the  second  blow 


is  struck  the  metal  will  flow  naturally  toward  the  desired  shape. 
When  the  blank  is  cut  off  the  end  is  apt  to  be  "out  of  sijuare"  which, 
of  course,  means  that  more  metal  would  be  on  one  side  of  the  bead 
than  on  the  other,  and  if  struck  without  being  centered,  the  result 
would  be  a  '"lop-sided"  head.  The  limit  of  the  double-stroke  head- 
ing machine  is  the  upsetting  of  five  diameters  of  the  wire.  On  certain 
grades  of  metal  and  by  using  extreme  care  this  rule  may  be  slightly 
exceeded,  but  a  five-diameter  head  Is  very  nearly  the  limit  possible. 
la  Fig.  27,  at  the  upper  left-hand  corner,  may  be  seen  the  wire  blank 


MACHINES  AND  OPERATIONS 


29 


which  has  been  cut  off  and  is  in  the  die  ready  for  heading.  In  this 
instance  there  are  three  and  one-half  diameters  of  the  wire  left  pro- 
jecting from  the  die  to  be  upset  into  the  head.  Directly  below  this 
may  be  seen  a  view  which  shows  the  result  of  the  first  or  coning  punch. 
The  four  views  which  follow  show  exactly  how  the  wire  upsets  in 
forming  the  head,  until  at  the  extreme  bottom  is  shown  the  completed 
blank,  ready  for  ejection.  On  the  right-hand  side  is  shown  the  same 
series  of  views  to  illustrate  the  making  of  the  head  of  a  wagon  bolt, 
which,  because  of  its  length,  was  made  on  an  open-die  double-stroke 
machine. 

Many  heading  jobs  are  performed  upon  a  double-stroke  machine  that 
would  seem  to  come  within  the  range  of  the  single-stroke  machines. 
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Tig.  £6.     Evolution  of  Screw  Blanks  made  on  Single-stroke  Cold-headers 

The  reason  for  this  Is  that  with  the  double-stroke  machine  the  metal 
can  be  controlled  to  a  higher  degree  of  accuracy,  and  for  that  reason 
on  accurate  work  the  double-stroke  machine  is  often  used  even  though 
the  head  requires  less  than  two  and  one-half  diameters  of  the  wire. 

Pig.  25  is  shown  to  illustrate  some  practical  applications  of  cold- 
heading.  At  F  is  shown  a  blank  and  a  headed  ball,  such  as  is  used 
in  the  ball  bearing  industry.  Heading  machine  manufacturers  have 
given  special  attention  to  the  heading  of  stoel  balls,  so  that  cold- 
heading  is  now  the  usual  way  of  producing  ball  blanks.  At  G  is  shown 
a  screw  blank  and  a  rolled  thread  screw,  which  illustrate  a  condition 
of  thread  rolling  practice.  When  the  screw  thread0  •—*  *n  be  rolled, 
and  it  is  still  desirable  to  have  the  unthreaded  «  w  <** 

the  same  diameter  as  the  threaded  section, 
shown  at  H  must  be  followed.    In  this  sect 
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steps  in  making  a  rolled  thread  screw  of  uniform  size  are  shown. 
First  we  have  the  cut  off  blank;  second,  the  partly  headed  blank  in 
which  the  section  which  is  to  be  left  unthreaded  has  been  upset 
enough  larger  to  match  up  with  the  diameter  of  the  thread  which  will 
be  rolled  upon  the  lower  section.  The  completely  headed  blank  is 
shown  next,  then  the  slotted  head,  and  last,  the  finished  screw  with 
the  rolled  thread.  Similarly  at  I  are  shown  the  successive  steps  in 
making  a  wood  screw,  and  the  manufacture  of  machine  and  wood 
screws  like  those  shown  forms  one  of  the  most  extensive  uses  for  cold- 
heading  machinery. 
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Fig.  27.     Evolution  of  Screw  Blanks  made  on  Double-stroke  Cold-headers 

Beheading 

Reheading  is  a  more  important  branch  of  cold-heading  than  is  gen- 
erally recognized,  and  some  of  the  "stunts"  which  may  be  accom- 
plished with  the  proper  knowledge  of  reheading  machinery  strongly 
emphasize  this  fact  Reheading  is  usually  necessary  for  one  of  two 
reasons;  either  to  produce  a  head  which  would  require  too  much  work 
for  the  double-stroke  machine  to  do,  or  to  produce  a  head  which  is 
larger  at  the  end  than  at  the  shoulders  as  in  the  case  of  hinge  pins 
like  those  shown  in  Pig.  20.  Even  though  the  blanks  are  usually  an- 
nealed before  going  to  the  reheaders,  this  operation  is  one  which  re- 
quires a  great  deal  of  force  because  the  metal  has  already  been  com- 
pressed and  is  very  dense  before  being  reheaded. 

A  good  example  of  reheading  work  is  shown  at  D  in  Fig.  24.  The 
first  two  pieces  represent  the  work  of  the  double-stroke  solid-die  head- 
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ing  machine,  and  from  this  point,  the  blanks  are  handled  in  a  double- 
stroke  solid-die  reheader.  The  third  illustration  from  the  top  in  this 
group  shows  the  result  of  the  first  reheading  operation,  and  a  plan  and 
side  elevation  of  the  completed  piece  is  shown  beneath.  The  diameter 
of  the  head  is  very  great,  as  compared  with  the  diameter  of  the 
shank  of  the  rivet  and  it  will  be  readily  appreciated  that  four  opera- 
tions were  necessary  to  keep  the  metal  under  control  and  completely 
head  the  piece. 

For  producing  hinge  pins  like  that  shown  in  Fig.  20,  an  open-die  re- 
header  is  necessary.  This  is  really  a  very  interesting  job  of  cold- 
heading,  as  there  are  eight  diameters  of  the  wire  in  this  head.  Two 
operations  are  necessary  to  bring  the  blank  A  into  the  position  shown 
at  B  and  these  operations  are  performed  upon  a  double-stroke  header. 
After  this  point,  the  partly  formed  blanks  are  annealed  and  finished 
in  a  double-stroke  open-die  reheader,  producing  the  result  shown  at 
C  in  two  additional  operations.  The  hinge  pin  shown  at  the  right- 
hand  side  is  similar  but  smaller. 


COLD 


CHAPTER    III 


ING  DIES  AND  TOOLS 


In  the  first  two  chapters  the  principles  anil  different  types  of  cold- 
heading  machines  are  treated,  together  with  the  character  of  work 
for  which  filch  machine  was  adapted.  In  this  chapter  we  will  consider 
in  detail  the  tools  for  solid-  and  open-die  machines,  including  an  out- 
line of  the  operations  connected  with  their  making.  As  there  ar« 
numerous  little  kinks  and  methods  followed  hy  individual  heading 
die  makers,  it  will  only  be  possible  to  strike  an  average  and  outline 
the  general  processes  of  making  the  toot.     As  in  other  lines  of  tool' 
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Tig.  38.    A  Pair  of  Solid  Dies  for  the  CoLd-he»d*r 

making,  no  two  workmen's  ideas  on  a  given  set  of  tools  will  agree,  al- 
though each  may  be  right  from  his  own  point  of  view. 

Tools  for  cold-heading  machines  may  be  roughly  divided  Into  two 
classes — those  used  in  solid-die  machines  and  those  used  in  open-die 
machines  Whether  the  tools  are  for  a  single-  or  double-blow  machine 
affects  only  one  extra  tool,  namely,  the  upsetting  or  coning  punch.  In 
all  other  respects  the  tools  are  similar.  The  chief  difference  between 
the  tools  for  the  solid-die  and  open-die  machines  lies  in  tbe  dies  them- 
selves, the  punches  being  the  same  in  both  cases.  Figs.  28  and  29  il- 
lustrate the  difference  between  dies  for  the  solid-  and  open-die  ma- 
chines. Fig.  28  shows  a  die  and  punch  for  a  solid-die  machine.  These 
tools  are  very  simple,  being  merely  sections  of  round  stock,  the  die 
being  made  with  a  hole  to  agree  with  the  diameter  of  the  wire,  and 
the  punch  with  a  cavity  of  the  correct  shape  for  forming  the  bead.  In 
Fig.  29  a  pair  of  open  dies,  without  the  punch,  is  illustrated.  In  this 
ease  the  wire  Is  held  between  the  halves  of  the  die,  and  U>b  cutting 
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off  la  done  by  the  dies  themselves,  as  was  explained  In  Chapter  I. 
Therefore  a  pair  oC  dies  for  the  open-die  machine  must  be  of  exactly 
s  length  as  the  finished  .rivet  under  the  head.  The  dies  shown 
28  were  made  for  forming  a  carriage  colt  having  a.  square 
shoulder  under  the  bead.  By  referring  to  Fig.  30.  a  set  of  tools 
for  a  solid-die  machine  may  be  seen  in  place.  These  consist,  in  the 
i  single-blow  machine,  of  the  die  A,  in  which  the  wire  blank 
B  is  held  for  heading;  the  punch  0  which  shapes  the  head  and  Is 
actuated  by  the  ram  of  the  machine;  the  cut-off  die  or  quill  D,  which 
is  slmllnr  to  the  heading  die,  having  a  hole  through  its  length 
through  which  the  wire  is  fed  against  a  feed-stop  (not  shown)  the 
proper  distance,  and  is  then  cut  off  by  the  cut-off  blade  E.  The  face 
of  the  cut-off  die  is  crowned  to  help  the  cut-off  blade  do  lis  work. 
Mounted  on  the  cut-off  blade  is  a  carrier  F  that  holds  the  blank  to  the 
cut-off  blade  so  that  it  may  be  carried  over  to  the  heading  die.     A 


backing  pin  O  fits  in  the  hole  in  the  beading  die  and  regulates  the 
length  of  the  rivet  under  the  head;  It  also  serves  as  an  ejector  after 
the  rivet  has  been  finished.  In  Fig.  33  may  be  seen  a  set  of  heading 
tools,  with  the  exception  of  the  cut-off  quill.  These  particular  tools 
•e  used  In  making  a  round-head  screw  that  required  two  blows  to 
form  the  head.  The  die  is  shown  at  A  ;  the  second-operation  punch  at 
the  first-operation  punch  at  C;  the  backing  pin  at  D;  and  the  cut- 
off blade  without  ihe  carrier  at  E.  At  F  may  be  seen  the  cut-off 
blank;  at  (1  the  coned  blank  resulting  from  the  first  operatioi 
H  the  finished  round-head  screw.  If  this  same  work  were  to  be  done 
in  an  open-die  machine,  the  cut-off  blade  and  the  backing  pin  and  die 
would  be  eliminated  and  a  pair  of  open  dies  substituted. 
Making-  a  Solid  Die 
At  first  glance,  the  solid  die  appears  to  be  simply  I 
of  stock  with  a  hole  extending  through  it  to  receive  the  wire, 
•re,  nevertheless,  many  points  to  be  considered  in  making.  ttsSa.  4 
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without  tbe  knowledge  of  them  the  tools  would  never  work  satis- 
factorily. The  heading  dies,  punches  and  cuttlng-off  tools  are  made 
from  a  good  grade  ot  tool  steel,  annealed  stock  being  preferred.  The 
tools  are  sometimes  made  of  low  carbon  aleel  and  then  carbonised,  and 
at  least  one  large  user  of  beading  machines  follows  this  method  ex- 
clusively, but  unless  tbe  beet  of  carbonizing  and  hardening  facilities 
are  available  It  would  be  inadvisable. 

The  length  and  diameter  of  a  beading  die  are  governed  by  the  size 
of  the  machine  in  which  the  die  Is  to  be  used.  An  idea  ot  the  pro- 
portion of  the  diameter  to  the  length  may  be  obtained  by  stating  that 


Principal   Tooli 
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for  handling  wire  up  to  %  Inch  diameter,  a  die  of  %  inch  diameter  t 
1%  inch  long  agrees  with  good  practice,  and  for  handling  %  inch  wit 
the  die  may  be  3%  Inches  in  diameter  by  4^  Inches  in  length.    Th< 
dimensions  are   not  arbitrary,   but  are,  of  course,   determined   by   ' 
make  and  size  of  the  machine  in  which  they  are  to  be  used.     In  J 
35  is  Illustrated  a  little  kink  by  means  of  which  considerable  die-8 
may  be  saved.    In  this  case  a  backing  block  Is  made  to  replace  a' 
one-third  the  length  of  the  die.     The  dies  themselves  may  thn 
■made  correspondingly  short,  and  as  this  pillar  block  Is  used  bei 
each  die,  one-third  of  the  steel  of  each  heading  die  Is  saved. 
Fig.  31  shows,  In  section,  a  typical  heading  die  ot  the  "solid 
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juat  made  and  ready  for  hardening.  This  die  U  given  with  actual 
dimensions  bo  that  the  shrinkage  allowances  may  be  duly  noted.  The 
length  ol  the  die  Is  1%  Inch  and  the  diameter  %  inch,  and  it  1b  t 
used  (or  beading  rivets  from  0.105  inch  wire.  First,  a  hole  a 
thousandths  under  0  105  Inch  diameter  is  drilled  through  the  die.  The 
die  Is  then  relieved  trow  the  back  for  a  short  distance  with  a  No.  33 
drill,  enlarging  tbla  section  to  0,113  Inch.  A  tapered  reamer  which  has 
a  taper  of  about  0003  inch  to  the  Inch  Is  then  used  to  ream  out  the 
unrelieved  section  very  nearly  to  the  face  of  the  die.  At  this  point 
the  die  Is  hardened  and  this  operation  causes  the  mouth  or  the  die 
tu  "up.-n."  leaving  ft  about  as  shown  in  Fig.  32.  Using  emery  and 
oil,  the  die  la  then  lapped  out  from  the  back  until  the  hole  measures 
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0.10G   Inch   diameter,   this   being  0.001   inch   over  the   diameter  of   the 
wire.  nllow-Iiig  plenty  of  play  for  the  working  of  the  stock. 

The  hardening  operation  is  comparatively  simple,  the  requirements 
being  to  have  the  die,  especially  the  section  adjacent  to  the  hole,  very 
hard.  A  useful  kink  to  be  followed  in  securing  the  desired  hardness 
la  Illustrated  in  Fig,  \\  This  consists  or  a  funnel  shaped  bushing 
which  is  threaded  ao  that  It  may  be  screwed  onto  the  ordinary  water 
faucet.  The  die  Is  brought  to  the  right  heat  and  held  under  this 
nifiii'iil  boshing  a*nd  the  water  turned  on  full  force.  When  the  water 
la  turned  on.  the  face  of  (he  die  and  the  hole  receive  a  sudden  quench- 
ing, giving  it  the  extreme  hardness  that  is  necessary. 
The  Punches 

Before  a  punch  can  be  correctly  made  for  any  rivet  except  a  "flat- 
head"  a  couuterbore  la  necessary  to  obtain  the  exact  shape  of  the 
cavity.  In  the  case  of  Hat-bead  screws  or  rivets,  the  punch  consists 
simply  of  a  length  of  round  steel  having  a  perfectly  flat  face  with 
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chamfered  edges.  With  round  or  fllllstered  head  blanks,  however,  the 
finish  punch  must  contain  a  cavity  of  the  exact  size  and  shape  of  the 
head.  In  making  a  puneh  like  that  shown  In  Fig-  33  for  a  rov 
head  rivet,  a  reamer  of  the  same  semi-spherical  shape  Is  necessary. 
The  n-iimtr  Is  turned  up  in  the  lathe,  leaving  a  Hat  shoulder  to  limit 
the  depth  of  the  cut.  The  "half-type"  reamer  1b  employed,  and  is  re- 
lieved only  for  a  short  distance  behind  the  cutting  edge  ho  that  a  good 
bearing  Is  secured  while  the  punch  Is  being  reamed,  resulting  in  a 
smoothly  finished  cavity.  In  hardening  these  reamers  they  are  drawn 
to  a  straw  color.  In  the  case  of  difficult  shaped  heads,  It  Is  often 
found  advisable  to  hammer  a  piece  of  lead  Into  the  soft  die  bo  t 
tat -usuri'Ti.t'Tits  may  be  taken  and  checked  up  with  the  sample.  Weight 
forms  an  important  feature  In  determining  the  amount  of  metal  which 
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goes  Into  the  head.  In  setting  up  the  machine,  for  Instance,  the  tool- 
maker  will  often  compare  the  weights  of  his  rivet  and  the  sample  in 
order  to  see  If  the  right  amount  of  stock  Is  being  used.  By  cutting  off 
the  head  close  to  the  shoulder  and  weighing  It,  he  can  determine  the 
amount  of  stoek  required,  and  by  balancing  the  head  with  an  equal 
weight  of  wire  stock,  he  can  readily  determine  the  distance  to  which 
to  set  the  wire  feed. 

In  the  case  of  double-blow  machines,  in  which  an  upsetting  or  con- 
ing puneh  is  used,  there  seems  to  be  no  definite  rule  ,that  can  be  laid 
down  for  the  shaping  of  the  cavity  in  the  coning  punch.  As  before 
explained,  the  idea  of  the  coning  punch  is  to  upset  the  metal  and 
leave  It  In  condition  for  the  final  disirlbution  Into  the  finished  head. 
Generally  speaking,  this  intermediate  shape  Is  that  of  a  truncated 
cone,  the  base  of  which  Is  very  nearly  the  diameter  of  the  finished 
head,  and  the  length  of  which  Is  about  two-thirds  the  amount  of  wire 
advanced  by  the  wire  feed.  The  top  of  the  wire  Is  left  approximately 
the  same  diameter  as  the  blank  and  slightly  rounded.    If  a  very  Urge 
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amount  of  metal  must  be  put  lata  the  head,  the  angle  of  the  cavity  In 
the  coning  punch  1b  made  as  obtuse  as  possible. 

It  Is  customary  to  relieve  the  coning  punch  about  as  shown  at  C 
In  Fig.  33,  the  object  being  to  remove  all  danger  of  Interference  with 
the  cut-off  blade,  because  the  coning  punch  strikes  the  wire  blank  just 
as  the  cuttlng-off  blade  releases  it;  therefore  It  helps  matters  to  have 
the  cut-off  blade  relieved  as  well  as  the  coning  punch.  When  the  con- 
ing punch  Is  to  be  used  In  connection  with  a  countersunk  die  for  flat- 
head  screws,  ft  is  relieved  about  as  shown  in  Fig.  38.  By  so  doing, 
the  wire  in  the  cone  is  supported  and  driven  down  into  the  counter- 
sunk section  of  the  die.  instead  of  being  left  out  at  the  line  of  the  die 
face.  There  are  so  many  governing  factors  bearing  upon  the  shapes 
of  coning  punches  that  It  must  be  left  largely  to  the  judgment  of  the 


tuolmaker.  Punches  fir  fillister  head  or  other  deep  types  of  punches 
where  the  blanks  would  be  likely  to  stick  are  often  titled  with  spring 
ejector  pins  as  shown  In  Fig.  39.  Ordinarily  the  die  Is  the  member  in 
which  sticking  is  most  prevalent,  but  when  the  blank  is  short  and 
the  head  is  deep  sticking  will  be  encountered  in  the  punch. 

In  the  manufacture  of  very  cheap  screws,  the  slot  In  the  head  Is  often 
formed  by  the  heading  punch  instead  of  being  sawed.  This  means 
that  the  cavity  In  the  heading  punch  must  have  a  ridge  of  steel  left 
standing  to  drive  the  metal  down  for  the  slot.  To  cut  the  cavity  to  this 
shape  would  be  practically  impossible;  therefore  the  common  practice 
is  to  hub  the  punch.  The  hub  is  made  by  turning  up  a  blank  of  steel 
with  a  face  of  the  same  shape  as  the  head  iff  the  screw  to  be  pro- 
duced. A  slot  Is  then  milled  or  filed  in  the  center  of  the  head  of 
the  hub,  after  which  It  is  hardened  and  drawn  to  a  straw  temper. 
Before  being  hubbed,  the  face  of  the  heading  punch  Is  first  convened 
so  as  to  leave  the  highest  point  at  the  center,  thus  providing  enough 
stock  to  make  a  well  formed  cavity.  The  tendency  is  for  the  metal 
in   the  punch   to  sink   away   from   the   slot   in   the   hub;    therefore   t 
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ving  an  excess  amount  of  metal  at  this  point,  the  slot  is  completely 

ed  when  the  punch  is  hubbed.     After  being  hubbed,  the  punch  is 

ced  off,  of  course,  and  the  sides  turned  up  for  hardening.     Fig.  36 

.•presents  the  hub  and  the  punch-blank  before  hubbing  and  Fig.   37 

hows  the  hubbed  punch  before  being  faced  off. 

The  Cut-off  Toola 

The  cut-off  die  is  simply  a  section  of  round  stock  having  a  hole  ex- 
tending through  it  slightly  larger  in  diameter  than  that  of  the  wire 
being  worked.  On  small  sizes  of  wire,  0.001  inch  provides  sufficient 
clearance.  The  face  of  this  die  is  crowned  slightly  so  that  the  cut-off 
blade  which  works  in  conjunction  with  it  may  act  without  binding  on 
any  other  part  of  the  die  face.  The  cut-off  blade  is  shown  at  E  in  Fig. 
30,  from  which  it  will  be  seen  that  the  end  is  filed  out  U-shaped,  so 
as  to  partly  enclose  the  wire,  thus  supporting  it  while  the  cutting-off 


Fig.  85.     A  Kink  for 
savin*  Die  Stock 


Fir.  38.     A  "Hub"  and 
a  Punch  Blank 


Fig.    37.    Punch   after 
hubbing 


operation  is  taking  place.  A  spring-finger  F  is  fitted  to  the  cut-off 
blade  that  snaps  over  the  wire  when  the  cut-off  blade  advances  for 
cutting  and  holds  the  blank  so  that  it  can  be  carried  to  the  heading 
die.  There  are  different  methods  of  applying  the  spring-finger  or 
carrier,  but  a  good  way  is  illustrated  in  Fig.  30.  Here  the  spring 
pressure  is  supplied  from  the  spiral  spring  over  the  stud  near  the 
center,  while  the  pin  at  the  end  operates  in  an  enlarged  hole  in  the 
finger  serving  merely  as  a  guide  to  prevent  the  finger  from  swiveling. 
Both  cut-off  die  and  blade  are  hardened  and  drawn  to  a  straw  temper. 
There  is  little  to  be  said  about  the  backing  pin  which  is  shown  at  L 
in  Fig.  33  except  that  as  it  receives  the  full  force  of  the  heading  blow 
it  must  be  hardened  and  drawn  to  a  very  dark  purple. 

Tools  for  Open-die  Machines  . 

The  only  explanation  required  for  tools  for  the  open-die  machines 
the  operations  connected  with  the  making  of  the  die  halves.     The 
which  are  illustrated  in  Fig.  29,  are  made  by  shaping  up  square 
tions  of  tool  steel  to  fit  the  die-holding  block  of  the   header, 
halves  of  the  die  are  left  large  enough  in  size  to  allow  for  grinr 
~**t\  down  the  center  of  each  face  is  milled  a  half-round  groove 


DIES  AND  TOOLS  39 

sice  slightly  leas  than  the  diameter  of  the  wire  which  la  to  be  handled 
In  the  header.  After  the  bulk  of  the  stock  has  been  milled  out  In  this 
manner,  as  shown  in  Fig.  43,  the  halves  are  clamped  In  a  special  holder 
Illustrated  In  Pig.  41  and  a  reamer  of  the  proper  size  Is  run  through 
the  hole,  taking  half  the  stock  from  each  die  face.  Set -screws  are  pro- 
vided on  the  die-holding  box  to  clamp  the  two  halves  together  and 
take  Tip  end  play  while  this  operation  Is  being  performed.  Each  of  the 
four  pairs  of  faces  Is  treated  in  this  manner  and,  of  course,  they  are 
marked  so  that  they  can  be  mated  readily.  The  object  of  having  all 
four  faces  grooved  Is  simply  to  make  use  of  the  other  three  sides  of 


the  die;  thus  as  soon  as  one  pair  of  grooves  has  worn  out  of  round, 
the  dies  are  simply  turned  to  bring  a  new  pair  of  faces  Into  use.  As 
was  explained  in  Chapter  I,  the  object  of  chamfering  the  corners 
of  the  die  halves  Is  to  facilitate  the  opening  of  the  dies  by  the 
spring-Anger  on  the  machine.  Fig.  42  shows  the  manner  in  which 
the  square  section  of  a  die  for  producing  a  carrlsge  bolt  is  machined 
This  square  section  comes  under  the  head  of  the  bolt  and,  therefore, 
must  be  provided  for  In  the  dies.  After  reaming  out  the  grooves  in 
the  die  faces  the  square  outline  is  marked  on  each  of  the  faces  of  the 
die,  and  the  lines  scribed  for  the  depth.  A  starting  point  Is  made  by 
chipping  a.  groove  at  the  proper  distance  from  the  face  of  the  die,  and 
the  rest  of  the  stock  Is  removed  by  a  square  shaper  tool,  thinned  down 
at  the  face  to  permit  of  Its  starting  In  the  chiseled  groove.     Each  of 
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In  grinding  the  sides  of  the  die  halves,  the  stack  taken  off  permits 
the  faces  to  come  together  far  enough  to  flatted  the  circular  opening 
in  which  the  wire  Is  held.  This  provides  the  necessary  clearance  for 
gripping  the  wire. 

Multiple  solid  dies  are  often  made  for  the  sake  of  economizing  in 
steel.  Examples  of  such  dies  are  shown  in  Figs.  45  and  46.  The  die 
in  Fig.  45  has  three  openings  so  that  after  one  of  them  has  been  worn 
out  uf  round,  the  die  may  be  moved  along  In  the  special  holder  neces- 
sary to  hold  a  square  block  and  another  hole  put  into  use.  If  the 
work  Is  such   that  the  die  can  bo  made  without  clearance,   the  block 
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Tig.    43.      Millbe   the    Qrorm-i    In    Open    Dies 

can  then  be  reversed  and  the  opposite  »nds  of  tho  three  holes  used. 
Similarly,  In  Fig.  4G  Is  a  multiple  die  of  hexagonal  shape,  providing 
eighteen  working  openings.  As  a  general  rule,  however,  multiple  dies 
are  not  used,  because  of  the  trouble  caused  by  special  die-holders.  The 
plan  of  reversing  the  die  to  use  the  opposite  end  of  the  hole  has  dis- 
advantages on  some  work  where  the  heading  blows  close  the  hole  In- 
somuch that  the  necessary  lapping  out  makes  the  method  inure  trouble- 
some than  beneficial. 

Settlnir-up  for  a  Plain  Hendtntl  Operation  In  the  Header 
III  setting-up  in  a  solid-die  header,  the  first  step  Is  to  put  In  the  cut- 
off die  and  adjust  the  cut-off  blade.     The  blade  Is  adjusted  by  snapping 
the  finger  over  the  wire,  and  while  thus  held  it  Is  clamped  In  position 
agalnRt  the  cut-off  die.     The  die  Is   next  bolted  Into  Its  seat   and   the 


12 


No.  110— COLD-HEADING 


backing  pin  adjusted  to  size  the  length  of  the  rivet  under  the  head. 
The  finish  punch.  Id  the  case  of  a  double-blow  machine,  Is  then  located 
in  the  punch-holder.  The  coning  punch  Is  next  held  in  the  punch 
holder,  and,  if  necessary.  It  is  adjusted  to  bring  its  face  into  line 
with  the  finish  punch.  The  finish  punch  should  be  set  without  back- 
ing or  "shimming"  of  any  kind,  but  If  necessary  the  coning  punch 
may  be  shimmed  up  to  agree  with  it.  The  stroke  la  then  ad- 
justed so  that  the  punch  faces  almost  touch  the  die  face.  After  this, 
the  wire  feed  may  be  set  and  the  machine  Is  ready  to  be  operated. 
On  every  job  there  la  more  or  less  adjusting  of  the  feed,  grip  and  ram 
movements  to  obtain  the  exact  results. 

In  setting  up  the  tools  on  an  open-die  machine  there  Is,  of  course, 
no  cut-off  to  be  taken  Into  consideration  other  than  the  proper  letting 


Fl(.  44.     A  Htthed  of        Tig.  *H.     Hulllpl*  Sit        Fit.  «■     HultlpU  »l» 
h»rd«nln(  Solid  Din  of   Squire    Typo  at  HaU(U»l  Tjpt 

of  the  die  halves,  as  the  cutting  la  done  simultaneously  with  the  move- 
ment of  the  dies.     The  operations  of  setting  up  the  punches  on  the 
open-die  machine  are  the  same  as  on  the  solid-die  machine. 
Special  B&ll-headlns  Machinery 

The  E.  J.  Manvllle  Machine  Co.  makes  a  special  type  of  header 
adapted  for  forming  ball  blanks.  The  cold-header  Is  an  important 
adjunct  to  ball  making.  The  principal  feature  Is  positive  ejection  for 
the  ball  blanks  after  heading,  because  ball  headers  operate  at  a  very 
high  rate  of  speed  and  positive  ejection  Is  absolutely  necessary.  A 
secondary  advantage  of  this  machine  lies  In  Its  ability  to  handle  posi- 
tively the  short  ball  blanks. 

Pig.  47  shows  a  vertical  longitudinal  section  taken  through  the 
working  parts  of  one  of  these  special  ball  headers.  A  Is  the  frame  or 
bed  of  the  machine;  B  Is  the  die-block  of  steel;  C  la  a  hardened  tool 
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steel  backing  block  for  the  die  D;  E  is  the  backing  or  knock-out  pin 
which  backs  up  the  smaller  knock-out  pin  F;  G  is  a  cast-iron  bracket 
screwed  onto  the  under  side  of  the  bed  to  hold  the  adjusting  screw  H 
which  raises  or  adjusts  the  die-block  into  the  correct  position  for 
heading.  A  lock-nut  /  insures  the  adjustment  J  is  a  tool-ste*el  punch- 
holder  having  an  enlarged  head  with  a  set-screw  K  for  holding  the 
punch  L.  The  body  of  this  holder  is  of  smaller  diameter  than  the 
head  and  is  made  a  sliding  fit  in  the  bushing  M.  The  holder  is 
normally  kept  in  its  forward  position  under  spring  tension  by  means 
of  the  coil  spring  N.  Two  adjusting  nuts  0  are  on  the  back  end  of 
the  holder.  P  is  a  small  hardened  tool-steel  ejector  pin,  which  is  also 
kept  under  a  spring  tension,  and  is  backed  up  by  the  bar  Q  that  passes 
through  the  round  rod  R  and  is  pinned  in  place.  8  is  the  punch-slide 
that  carries  the  punch-holder  and  other  parts  shown  and  is  adjusted 
by  the  screw  T.  The  punch-holder  is  backed  up  by  a  solid  block  U  that 
acts  as  a  buffer  as  well  as  a  filler  between  the  holder  and  adjusting 
wedge  V.  IV  is  a  bar  cast  in  the  bed  between  the  two  sides  carrying 
the  adjustable  bracket  X  that  has  the  stop-pin  Y  and  adjusting 
screw  Z. 

The  action  of  the  machine  is  as  follows:  The  round  bar  or  wire 
is  fed  in  and  cut  off  in  the  usual  manner,  and  the  cut-off  blade  carries 
a  blank  over  to  the  heading  die,  but  as  there  is  no  shank  to  be  pushed 
into  the  die,  as  is  the  case  with  a  longer  blank  or  rivet,  as  soon  as  it 
is  carried  over,  the  gate  or  ram  advances,  and  also  the  pin  F.  As  pin 
P  is  under  a  spring  tension  the  blank  is  very  quickly  seized  between 
the  two  pins,  and  held  in  position  until  the  gate  has  advanced  far 
enough  to  hold  and  squeeze  the  blank  into  a  ball. 

After  this  the  gate  returns  and  when  it  has  reached  a  certain  po- 
sition the  bar  or  trigger  Q  strikes  the  pin  P  that  acts  as  a  knock-out, 
and  ejects  the  ball  if  it  clings  to  the  punch;  if  it  clings  to  the  die  the 
other  ejector  pin  F  ejects  it 

It  will  be  noticed  that  the  pins  F  and  P  are  not  long  enough  to  reach 
to  the  ball  arc  when  under  the  heading  pressure;  this  leaves  slight 
projections  on  the  two  sides  which  can  be  removed  easily,  whereas  if 
the  pins  were  even  slightly  too  long  there  would  be  flat  spots  left  on 
the  finished  balls. 
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HOLDING  DEVICES  FOR  FIRST -OPE  RATION  WORE 

The  methods  of  holding  and  clamping  rough  castings  for  the  first  or 
chucking  "operation"  are  bo  diversified  that  the  subject  must,  neces- 
sarily, be  treated  by  means  of  examples  representing  different  varieties 
of  work.  Nearly  all  of  the  examples  shown  are  more  or  less  cylindrical 
in  shape,  for  the  reason  that  elliptical,  rectangular,  or  odd-shaped 
parts  require  special  treatment  and,  therefore,  can  only  be  touched 
upon  in  an  article  of  this  kind.  In  the  general  course  of  manufactur- 
ing, there  are  occasionally  pieces  of  peculiar  shape  which  require 
chucking  fixtures,  but  as  this  work  is  of  such  great  variety,  It  is 
difficult  to  give  much  information  regarding  its  handling  except  in  a 
general  way.  Any  piece  of  work  of  peculiar  shape  requires  a  thorough 
knowledge  of  the  conditions  governing  Its  use,  in  order  that  it  may  be 
chucked  property  and  located  from  the  surfaces  which  are  of  the  great- 
est importance. 

Important  Points  In  Design  of  Chucking  Devices 

In  the  design  and  construction  of  chucking  devices,  there  are  a  num- 
ber of  points  to  which  the  most  careful  consideration  must  be  given. 
In  some  cases,  the  work  must  be  held  by  the  cored  interior,  as,  for  ex- 
ample, an  automobile  piston,  or,  in  fact,  any  other  work  in  which  it  is 
necessary  to  have  an  equal  division  of  metal  throughout  the  cylindrical 
walls.  In  other  instances,  however,  some  method  of  exterior  holding 
may  be  perfectly  satisfactory.  The  term  "exterior  holding"  does  not 
necessarily  mean  that  chuck-jaws  are  referred  to,  for  various  devices 
other  than  jaws  will  be  cited  during  the  following  discussion  of  hold- 
ing methods. 

Having  determined  whether  the  work  Is  to  be  held  externally  or  in- 
ternally, let  us  take  up  the  important  points  in  the  design  of  holding 
devices. 

First:  The  Important  locating  surfaces  should  be  carefully  con- 
sidered, always  having  in  mind  the  future  handling  of  the  piece  iu  its 
various  operations.  Great  care  should  be  taken  that  no  locating  points 
are  so  placed  that  they  will  come  in  contact  with  the  work  in  places 
where  the  pattern  is  gated,  or  where  numbers  or  letters  may  appear. 

Second:  In  setting  up  a.  rough  casting  there  should  never  be  more 
than  three  fixed  supporting  points;  any  others  which  may  be  necessary 
for  the  proper  support  of  the  work  must  be  made  adjustable,  with  some 
approved  method  of  clamping  securely  after  adjustment. 

Third:  The  work  must  be  firmly  secured  so  that  no  distortion  can 
take  place  under  the  strain  of  clamping. 

Fourth:   When  the  work  is  of  such  a  nature  that  dlfllo 
enced  in  obtaining  proper  clamping  surfaces,  it  Is  some* 
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to  consult  with  the  patternmaker  in  regard  to  the  addition  of  clamping 
lugs  to  the  pattern.  In  cases  of  this  sort,  these  lugs  should  be  so  ap- 
plied that  their  subsequent  removal  can  be  eSected  readily. 

Fifth:  In  designing  a  chucking  fixture  the  safety  of  the  operator 
should  be  considered  carefully,  and  by  that  is  meant  that  protruding 
heads  of  screws,  bolts,  clamps  and  similar  parts  should  be  avoided  as 
much  as  possible.  A  little  forethought  in  this  regard  may  be  the 
means  of  saving  an  operator  from  mutilation  or  death. 

Sixth:  Convenience  and  accessibility  in  setting,  locating  and  clamp- 
ing the  work,  are  also  of  primary  Importance. 


FI(.  1.     (Upper  Vl» 


Two-j« 


■  holding  lit  ten  Internally i 


Individual  points  regarding  the  work-holding  devices  shown  in  the 
illustrations  wilt  be  discussed.  We  shall  consider  holding  devices  for 
the  horizontal  turret  or  chucking  lathe,  the  vertical  turret  lathe,  and 
the  vertical  boring  mill.  In  describing  these  devices,  the  work  and 
its  requirements  will  be  considered,  as  well  as  the  Important  locat- 
ing surfaces,  the  method  of  handling  the  work  and  Important  points  in 
the  design  of  different  fixtures. 

Two-Jaw  Chucte  arrane«d  for  Internal  Chucking 
It  is  essential  that  the  cast-iron  piston  shown  in  the  upper  part  of 
Fig.  1  be  located  from  the  cored  interior,  in  order  to  have  the  outer 
walls  concentric  with  the  core,  thus  obtaining  an  equal  distribution 
of  metal  throughout  the  piston  walls.  Due  to  the  formation  of  this 
casting,  the  core  Is  poorly  supported  at  the  closed  end  and,  therefore, 
has  a  tendency  to  drop  slightly  when  the  metal  Is  poured  into  the 
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mold,  thereby  producing  a  lack  of  concentricity  between  the  cored 
portion  and  the  exterior  {surfaces.  It  ia  logical  then,  in  order  to  ob- 
tain uniform  results,  to  work  from  the  cored  portion  when  setting 
up  the  casting.  Many  methods  of  holding  have  been  devised  for  this 
purpose.  The  fixture  shown  in  Fig,  1  is  one  of  the  simplest,  aa 
ordinary  two  jaw  chuck  with  special  internal  Jaws  being  used  for  hold- 
ing and  locating  tbe  work  A.  A  steel  bushing  B,  fastened  into  the 
spindle,  contains  the  stop-rod  C,  which  comes  against  the  head  of 
the  piston,  thus  Insuring  a  uniform  thickness  or  metal  at  this  point. 
The  chuck  is  supplied  with  the  two  special  jaws  D  and  S.  The  former 
Is  a  plain  jaw  with  two  bearing  points,  while  the  other  has  a  swivel- 
jaw  F.  pivoted  on  the  pin  O,  which  allows  it  to  conform  to  the  In- 
equalities of  the  casting.  This  method  of  chucking  is  one  of  the 
cheapest,  and  the  results  obtained  by  its  use  are  fairly  satisfactory. 
There  is  a  tendency  toward  inequality  in  tbe  thickness  of  the  piston 
walla  in  the  direction  of  the  wrist-pin  bosses,  due  to  the  fact  that  the 
centering  action  of  a  chuck  of  this  type  is  in  two  directions  only: 
however,  at  least  one  large  manufacturer  in  the  East  uses  this  method 
entirely.  The  chuck  is  employed  for  rough-turning  only,  thus  secur- 
ing a  partially  finished  surface  which  is  true  with  the  core  and  which 
may  be  used  to  work  from  for  subsequent  operations. 

The  work  H.  shown  in  the  lower  view  of  Fig.  1,  is  a  cast-iron  piaton 
ring  pot,  which  must  be  bold  in  such  a  way  that  It  can  be  bored, 
turned  eccentrically,  and  separated  into  narrow  rings  for  a  gas  engine 
piston.  As  the  ring  pot  ia  very  thin.  It  must  be  carefully  held  to 
avoid  distortion  and  yet  be  very  rigidly  secured,  as  there  are  several 
tools  working  at  one  time  so  that  the  torsion  produced  by  the  cut  Is 
excessive.  The  pot  is  made  with  an  internal  gripping  ring  K,  which 
is  slightly  beveled  to  assist  in  keeping  it  back  against  the  chuck  jaws. 
The  chuck  Ib  an  ordinary  three- jaw,  geared-scroll  type,  having  jaws  as 
shown  in  section  at  -V.  These  jawa  are  of  ateel  and  are  drilled  to  re- 
ceive the  hook-bolts  L  which  pasa  eutirely  through  them  and  grip  the 
ring  from  the  inside.  The  heads  of  the  bolts  M  come  out  through 
slota  in  the  jaws,  the  heel  having  a  backing  at  O.  When  setting  a 
casting  the  holts  are  left  free  while  the  jaws  are  brought  up  against 
the  outside  of  the  casting  with  juat  enough  pressure  to  get  a  bearing. 
The  bolts  are  then  set  up  tightly  on  the  gripping  ring,  so  that  the 
work  Is  held  firmly  but  without  distortion.  This  method  is  very  good 
and  can  be  applied  successfully  to  many  varieties  of  thin  work.  The 
hook-bolts  arc  of  tool  steel  and  are  hardened  and  drawn  to  a  deep 
straw  on  the  hook  end.  The  backing  up  of  the  hook-bolt  at  O  is  very 
important,  for  unless  properly  supported  at  this  point  its  action  is 
greatly  Impaired  and  it  soon  becomes  bent  out  of  shape  and  is  abso- 
lutely useless. 

Blnn  Fot  locating  Fixture  without  Chuck-] a wa 

Another  cast-iron  ring  pot  of  somewhat  different  form  is  shown  In 

Fig.  2,     The  operations  on  this  piece  are  identical   with   those  (or  the 
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casting  shown  In  the  previous  illustration,  but  the  holding  method  Is 
entirely  different.  This  form  of  pot  Is  used  by  one  ot  the  largest 
manufacturers  In  this  country.  Before  it  is  placed  In  the  fixture,  the 
face  of  the  gripping  ring  A  la  ground  square  with  the  outside  of  the 
pot.  The  body  of  the  fixture  8  is  of  cast  iron  and  is  screwed  fast  to 
the  spindle  nose  of  the  horizontal  turret  lathe  upon  which  It  Is  used. 
The  annular  ring  or  pad  against  which  the  ring  pot  lies  Is  faced 
square  in  position  on  the  machine.  A  hardened  and  ground  tool-steel 
bushing  C  Is  accurately  fitted  to  the  inside  of  the  spindle  and  is  held 
In  position  by  the  teat-screw  D.  It  will  be  noted  that  this  bushing 
also  acts  as  a  guide  for  the  boring-bar  pilot  E.  A  tapered  plunger  F 
Is  forced  outward  by  the  spring  a  and  centralizes  the  Inside  of  the 
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pot.  The  screw  H  simply  acts  as  a  retainer  to  keep  the  plunger  in 
position.  There  are  three  clamps,  120  degrees  apart,  on  the  face  of 
the  fixture.  One  of  these  is  shown  at  K;  obviously  this  Is  tightened 
by  the  screw  M,  while  the  coll  spring  L  serves  to  keep  the  clamp 
away  from  the  work  when  not  in  use.  The  lug  .v  prevents  the  clamp 
from  twisting  around  when  the  screw  is  being  tightened.  This  fixture 
is  a  very  good  one,  except  that  its  operation  Is  rather  slow. 

Locating:  Fixture  for  a  Ball-and-socket  Pine  Joint 
The  requirements  for  the  work  shown  in  Fig.  3  need  little  explana- 
tion.    The  piece  itself  Is  a  steel  casting.     A  cast-Iron  "cat-head"  or 
fixture  A  Is  screwed  onto  the  spindle  nose,  and  is  faced  at  B  to  an  arc 
corresponding  with  the  rough  ball-portion  of  the  pipe  Joint.    The  two 
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hook-bolts  C  obviously  grip  the  work  from  the  Inside  and  hold  it 
firmly  against  (be  finished  face  B.  A  centering  plug  E  fits  the  turret 
hole  and  is  brought  up  and  entered  into  the  casting  before  the  hook- 
bolts  are  set  up  tightly.  This  fixture  was  not  entirely  satisfactory 
owing  to  the  condition  of  the  rough  castings  at  the  end  F.  for  at  thla 
point  they  varied  greatly  and  were  very  rough,  making  the  holding 
somewhat  uncertain.  A  method  of  holding  this  work  by  the  Interior 
undoubtedly  would  have  been  more  satiafactory. 

Chucklng  Device  having  an  Outboard  Supplementary  B 
The  automobile  tail-shaft  housing  shown  at  B   in  Pig.  4  la  made  of 
malleable  iron  and  is  so  long  that  chucking  by  means  of  jaws  is  out 
of  the  question,  on  account  of  the  excessive  overhang  which  would  be 


necessary.  The  piece  was  to  be  finished  complete  In  one  setting  and 
the  fixture  shown  was  designed  and  used  for  thiB  purpose.  The  body 
0  is  of  cast  iron  and  Is  screwed  onto  the  spindle  nose.  The  Inner 
cylindrical  surface  D  Is  very  carefully  bored  and  the 
surface  £,'  is  turned  and  finally  lapped  to  a  nice  running  fit  In  the 
bracket  A.  The  periphery  H  of  the  locating  and  centering  bushing  P 
1b  crowned  on  a  radius  and  Is  slotted  in  various  pli 
K,  to  receive  the  exterior  ribs  on  the  housing,  A  pointed 
O  keeps  the  bushing  In  position.  The  tapered  plug  I.  Is  located  in 
the  turret  hole  and  serves  to  center  the  work,  and  the  pointed  set- 
screws  if  (three  of  which  are  used)  are  sunk  Into  the  casting  and 
act  as  drivers  In  addition  to  holding  It  In  the  position  determined  by 
the  tapered  plug.  The  bracket  A  (also  shown  in  detail  I  acts  as  an  out- 
board bearing  for  the  long  body  of  the  fixture  and  prevents  the  vibra- 
tion which  would  other-  '-nm  the  excessive  overhang.  A 
glass  oil  cup  was  an  <  a  the  equipment  and  may  be 
noted  at  X. 
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Method  of  Chucking  One-half  of  a  Bear-axle  Housing 
The  male  portion  of  an  automobile  rear  axle  housing  is  shown  in 
Fig.  5.  This  is  machined  in  one  setting  on  a  horizontal  turret  lathe. 
The  body  of  the  fixture  B  is  of  cast  Iron  and  is  screwed  onto  tne  nose 
of  the  spindle.  Three  steel  pins  C  are  located  120  degrees  apart, 
around  the  inside  of  the  fixture  body,  the  coll  springs  D  forcing  them 
outward  and  the  set-screws  E  securing  them  in  place  when  properly 
located  against  the  work.  The  method  of  clamping  Is  somewhat 
peculiar  and  should  be  carefully  noted.  The  swinging  dogs  F  have 
a  knife-edge  at  K  and  are 
pivoted  on  the  pins  G, 
which  are  set  back  in 
such  a  position  that  the 
action  of  the  dogs  (con- 
trolled by  the  hollow  set- 
screws  II)  has  a  tendency 
to  carry  the  work  back 
against  the  body  of  the 
fixture  and  the  spring 
jack  pins.  A  steel  bush- 
ing L  is  forced  onto  the 
small  end  of  the  work 
and  assists  in  centering 
it  In  the  spindle.  This 
bushing  Is  crowned  on  a 
radius  the  same  as  that 
shown  in  Fig.  4.  The 
taper  locating  plunger  -V 
is  forced  out  by  the 
spring  O  and  is  restricted 
in  its  action  by  the  pin 
The  two-arm  support 
Q  is  of  cast  iron  and  is 
of  assistance  in  keeping 
the  work  in  position 
while  the  various  screws  and  dogs  are  being  tightened.  The  bushing 
if  acts  as  a  guide  for  the  boring-bars  and  reamers  used  in  machining 
the  work.  The  work  is  driven  by  the  ribs  R,  which  enter  slots  in  the 
body  of  the  fixture.  This  method  of  holding  gave  satisfactory  results, 
although  considerable  care  was  necessary  to  avoid  springing  the  casting 
when  tightening  the  clamping  dogs. 

Equalizing  Pin  Chuck  for  a  Gas  Bnelno  Piston 
One  of  the  many  varieties  of  Internal  holding  piston  chucks  Is 
illustrated  in  Fig.  6.  Although  rather  expensive,  it  is  an  excellent 
example  of  this  type  of  chuck,  and  is  very  well  made.  All  working 
parts  are  of  steel  or  bronze  and  all  parts  requiring  such  treatment  sr 
carefully  hardened  and  ground.     The  body  of  the  chuck  is  of  0 
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!ne   steel,    carbonized,    pack-hardened   and   ground;    the   pins,   cat 
operating  rod.  screws  and  bushings  are  of  tool  steel;   while  the  miter 

irs  are  of  bronze.  The  body  of  the  chuck  A  Is  screwed  onto  the 
spindle  nose  and  is  ground  or  lapped  at  alt  important  points.  The 
operating  cams  B  and  C  are  slotted  in  three  places  around  the 
periphery  at  I)  and  E.  these  slots  being  angular  and   forcing  the  sis 


pins 


F     and     G     out 


against  the  interior 
walls  of  the  piston.  It 
may  be  noted  that  the 
eteel  plates  H  and  K 
s  let  Into  the  body  of 
I  chuck,  and  act  as 
retainers  for  the  pins. 
These  plates  are  clearly 
shown  in  the  upper 
view.  The  operating  rod 
L  is  revolved  through 
the  action  of  the  miter 
gears  M  and  If.  The 
latter  has  a  key  T  en- 
gaging a  long  spline  in 


the 


which  is  thereby  per- 
mitted to  move  longi- 
tudinally. The  threaded 
portion  V  la  6-pitch 
right-hand  thread,  while 
that  at  V  is  8-pitch  left- 
hand  thread.  The  for- 
ward cam  Is  packed 
with  felt  at  X  to  keep  out  the  dirt.  The  bushing  O  is  of  tool  steel, 
hardened  and  ground.  The  plug  Q  simply  closes  the  hole  which  has 
been  put  in  for  assembling  purposes. 

By  referring  to  the  upper  view  It  will  be  seen  that  the  chuck  body 
is  cut  away  nn  the  sides  at  R  and  8,  on  account  of  the  wrist-pin  bnsse3 
In  the  piston,  and  the  overhanging  lip  at  it  acts  as  a  driver.  In  design- 
ing a  chuck  of  this  kind,  it  must  be  remembered  that  while  the  rear 
clamping  pins  may  be  equally  spaced,  the  position  of  the  forward 
pins  wilt  he  determined  by  the  diameter  and  spacing  of  the  wrist- 
pin  bosses,  and  an  end  view  will  be  found  essential  to  determine  the 
correct  position.  In  general  it  will  be  found  that  two  oT  the  forward 
pins  seldom  can  be  spaced  more  than  SO  degrees  apart  and  often  the 
spacing  cannot  be  made  more  than  55  or  60  degrees.  Another  point 
in  design  which  is  of  great  importance  Is  (he  amount  of  clearance 
between  the  ends  of  the  wrist-pin  bosses  and  the  flattened  sides  of  the 
chuck  body.  It  fa  selrt™  "".fe  to  allow  a  clearance  of  less  than  3/15 
inch  on  each  *  ied  sizes  callea  for  on  the  drawing 
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of  the  piston.  The  location  of  the  stop-pins  W  Is  also  important,  and 
sufficient  allowance  should  be  made  In  the  length  of  the  cam  slots  to 
take  care  of  variations  in  the  piston  castings.  A  chuck  of  this  type 
.gives  results  which  are  satisfactory  In  every  respect 

An  RquallKiujr  Pin  Chuck  for  an  Electric  Generator  Frame 
The  examples  which  have  been  referred  to  in  the  foregoing  are  all 
adapted  for  use  on  the  horizontal  type  of  turret  lathe,  but  we  shall 
now  go  a  step  farther  and  take  up  chucking  devices  designed  for  the 
vertical  turret  lathe  and  the  vertical  boring  mill.  As  machines  of 
this  type  are  adapted  more  to  heavier  classes  of  work,  the  fixtures 
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Fig.  6.     Special  Chuck  for  holding  Gu  Engine  Pintoni  IntmutUy 

should  be  designed  with  relation  to  the  work  and  also  to  the  power 
of  the  machines  upon  which  they  are  to  be  used.    For  machining  the 
steel   generator  frame  shown  on  the  fixture  in  Fig.  7,  the  working 
points  specified  by  the  manufacturer  are  at  B  between  the  ribs  C  on 
the  upper  portion  of  the  casting  A.     It  was  further  specified  that  the 
work  must  be  held  by  the  core  to  Insure  an  evenly  balanced  casting. 
The  design   of  this  chuck   resembles   that  shown   in   Fig.   6,  In   that 
both  chucks  are  fitted  with  pins  and  operating  cams;   the  opera-tiny 
mechanism,   however,   Is  entirely  different.     The  body  of  the  dim*  - 
D   le   of   cast   Iron;    it   Is   carefully   reamed   and   lapped   at   lip 
points,   and   Is   securely   fastened   down    to   the    table   ot   the 
by  three  screws  having  tee-shaped  heads,  which  enter  the  t 
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lower  end  where  it  passes  through  the  operating  sleeve  at  N.  The 
coil  spring  0  is  so  proportioned  that  it  simply  supports  the  cam 
mechanism  and  assists  in  releasing.  It  will  be  noted  that  the  arrange- 
ment of  this  internal  mechanism  permits  a  "floating"  action  for  the 
cams,  so  that  the  clamping  pins  all  bear  uniformly  against  the  inner 
walls  of  the  casting.  In  setting  up  the  work  on  the  fixture,  it  is 
dropped  over  the  top  until  the  lower  end  rests  on  the  three  adjusting 
jacks  P,  which  are  placed  120  degrees  apart  and  are  knurled  for  finger 
adjustment.  The  upper  locating  arms  B  are  swung  back  out  of  the 
way  while  the  casting  is  bei-ig  set  in  position,  but  as  soon  as  this 
has  been  done  they  are  brought  around  into  the  position  required. 
The  jacks  are  next  raised  until  the  casting  has  been  properly  located 
against  the  arms;  then  a  long-handled  socket  wrench  is  inserted  at 
Q   and   the   gearing   is   revolved   until   the   pins   are   securely   seated 

against  the  inner  walls  of  the  work. 

« 

A  Combination  Device  having:  Equalizing  Pins  and  Hook-bolts 

The  piece  shown  at  A  in  Fig.  8  is  a  clutch  pulley  for  a  gasoline 
tractor.  It  is  made  of  cast  iron  and  the  method  of  holding  from  the 
inside  was  decided  upon  because  it  seemed  to  offer  better  facilities  for 
machining.  As  in  a  former  example,  the  body  of  the  fixture  contains 
the  cams  and  the  operating  rod  which  is  threaded  right-  and  left-hand, 
as  before.  The  lower  ends  of  the  pins  and  the  slots  in  the  cams  are 
dovetailed  in  this  instance,  so  that  the  outward  and  inward  movements 
are  controlled  mechanically,  no  springs  or  plates  being  required.  The 
fixture  is  centrally  located  on  the  machine  table  by  the  plug  C,  which 
fits  the  center  hole  in  the  table  and  is  held  down  in  the  usual  manner 
by  the  T-bolts  shown  at  D.  The  coil  spring  B  simply  acts  as  a  sup- 
port for  the  cams  and  rod.  An  annular  groove  is  cut  in  the  upper 
cam  at  E  and  this  is  packed  with  felt  to  assist  in  keeping  the  dirt  out 
of  the  working  parts.  The  lower  part  of  the  fixture  has  three  bosses 
(one  of  which  is  partially  shown  at  H),  which  contain  the  floating 
jaws  and  hook-bolts,  G  and  t\  for  clamping  the  lower  flange  of  the 
pulley.  The  construction  of  these  parts  is  more  clearly  shown  in  Pig. 
10,  and,  as  they  are  identical  the  reader  is  referred  to  the  portions 
marked  C  and  D  in  that  illustration.  The  results  obtained  by  the 
use  of  this  fixture  were  at  first  very  satisfactory,  but,  after  a  time,  the 
dirt  which  gradually  accumulated  in  the  dovetail  cam  slots,  began  to 
cause  trouble,  until,  finally,  it  became  almost  impossible  to  operate  the 
mechanism.  Then,  too,  in  several  cases  the  dovetail  part  broke  off 
completely,  necessitating  new  pins,  so  that  the  chuck  as  a  whole  can- 
not be  considered  an  absolute  success.  No  trouble  would  have  been 
experienced  if  the  cam  slots  and  pins  had  been  made  as  shown  in  Fig. 
7,  with  coil  springs  and  retaining  plates. 

A  Set  of  Special  Jaws  for  a  Large  Crowned  Pulley 

The  large  farm  engine  pulley  shown  at  A  in  Fig.  9  is  of  cast 
and  it  must  be  held  by  the  inside  in  such  a  way  that  it  will 
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distorted  while  fairly  heavy  cutting  is  being  done  on  the  periphery 
of  the  pulley.  A  [our- jaw  table  was  selected  on  which  to  hold  the 
work,  as  there  were  eight  spokes  In  the  pulley.  The  chuck  Jaws  C 
were  made  of  0.40  per  cent  carbon  steel  and  were  Blotted  out  for  the 
spokes  as  shown  in  the  Illustration.  The  hardened  stee!  studB  f>  were 
set  into  the  slots,  and  the  set-screws  E  brought  down  tightly  on  them 
after  the  jaw  surfaces  B  had  been  brought  out  to  center  the  pulley. 


This  method  of  holding  pulleys  or  other  spoked  work  gives  very 
satisfactory  results  and  is  used  by  many  manufacturers  throughout 
the  country. 

A  ChucklnB  Device  for  a  Difficult  Piece  of  Electrical  Work 

The  aluminum  piece  shown  in  Fig.  10  Is  one  of  the  ruoBt  difficult  for 

Which  there  ever  is  an  occasion  to  make  a  chucking  fixture.     The  walls 

of   the   entire  piece   were   of   very   thin   section,   and    the   overhanging 

Ion   A   was   elliptical   in   shape   and   entirely   unsupported.      It   was 

■■"d   this  casting   that   it  could   be   machined   without 
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distortion.  The  body  of  the  fixture  B  is  of  cast  iron.  It  la  centrally 
located  on  the  table  by  means  of  the  hollow  bushing  E,  and  clamped 
down  by  T-bolts  shown  at  F  In  the  table  T-slota.  A  portion  of  the 
fixture  shown  in  the  upper  view  at  G  was  cut  out  to  form  a  V,  In  which 
the  cylindrical  portion  of  the  casting  is  centered.  One  of  the  sides  of 
tbe  casting  is  located  against  the  knife-edged  pin  H  (shown  In  the 
upper  view),  and  the  casting  Is  forced  into  the  V  and  against  this 
knlfe-edged  surface  by  the  swinging  clamps  E  and  L.  It  will  he  noted 
that  these  clamps  also  have  a  knife-edge  and  that  the  pins  upon  which 
they  are  hung  are  In  such 
a  position  that  their 
tlon  Is  downward, 
thereby  tending  to  hold 
e  work  securely  against 
Its  supports.  Hollow  set- 
ews  M  control  the 
action  of  these  swinging 
clampa.  There  are  three 
■  spring-pins  -V  which  are 
)d  to  support  the  very 
thin  flange  0,  and  the 
springs  which  force  them 
upward  are  carefully  pro- 
portioned so  that  they 
,ve  Just  sufficient 
strength  to  Insure  con- 
it  without  springing 
the  work.  These  pins  are 
locked  in  their  positions 
by  the  long  hollow  set- 
acrews  P,  shown  In  the 
ture  for  lower  view. 

One  of  the  principal 
points  of  interest  In  this  fixture  is  the  method  of  gripping  tbe  over- 
hanging elliptical  portion  A,  without  distorting  the  casting.  This  is 
accomplished  by  means  of  the  floating  jaw  C  and  the  hook-bolt  D. 
There  are  three  of  these  floating  clamps  which  grip  the  work  at 
points  0,  R,  and  8  (see  plan  view).  It  will  be  noted  that  the  clamps 
are  free  to  "float"  laterally,  until  the  set-screws  at  T  are  tight- 
ened. The  knurled  bexagon  nut  U  Is  threaded  onto  the  head  of  the 
hook-bol't,  and  Is  lightly  tightened  by  means  of  the  fingers  before  the 
final  tightening  with  a  wrench.  As  these  clampa  have  a  perfectly  free 
floating  action,  until  the  binding  screws  are  tightened,  obviously  there 
can  be  no  distortion  of  the  piece,  and  yet  it  is  held  rigidly  at  these 
points.  When  the  work  Is  placed  into  the  fixture  It  rests  upon  three 
fixed  points  shown  in  the  plan  view  at  F  and  a  fourth  point  W.  The 
latter  is  held  upward  by  a  light  spring  and  it  is  locked  in  position  by 
the  long  hollow  set-screw  X. 


orth.     The  special   Jawa   C   and   D   i 


WORK  HOLDING  DEVICES  15 

The  work  accomplished  by  the  use  of  this  fixture  was  true  and  ac- 
e,  no  evidence  of  springing  out  oE  true  being  apparent 
Boring  Mill  Fixtures  (or  a  Largo  Ball  Joint 
The  work  shown  nt  A  in  Fig.  11  la  a  large  ball  pipe  Joint  tor  a  suc- 
tion dredge,  and  It  Is  to  be  faced  on  the  upper  surface  B.    Two  designs 
3  made  for  this  work,  neither  of  which  was  used,  but  as  the  con- 
ditions are  somewhat  peculiar  the  fixtures  will  be  described,  and  may 
be   taken   for   what   they 
bored  to  an  arc  corre- 
sponding with  the  bail, 
the      work      rests 
upon  and  is  centered  by 
lese    jaws.      The  sody 
[  the  clamping  device 
is  of  cast  iron  and  Is 
bolted     down     to     the 
table.     It  contains  lour 
pointed      Hcrewa      F, 
which,     normally,     are 
kept     away      from     the 
work  by  means  of  coll 
springs.     The    ends    of 
the   screws   are   beveled 
□  the  same  taper  as 
operating      screws 
which   are   threaded  at 
their    upper   ends    with 
a    coarse    pitch    thread, 

and     have    squares    tb  fik.  is.    AnotiM  Method  of  hoidiw  L.r(e 

receive   the   end    or   the  **"  Jo,nt 

long  socket-wrench  II.  by  means  of  which  the  screw  is  revolved,  thus 
causing  the  points  to  sink  down  into  the  casting.  Wood  braeeH  are 
to  support  the  flange  which  is  to  be  faced.  Pour  are  used,  al- 
though only  two  (K  and  L\  are  shown  in  the  illustration.  This  fixture 
would  have  been  rather  expensive,  but  doubtless  would  have  produced 
satisfactory  results. 

Fig.  12  Illustrates  anuther  fixture  for  holding  the  same  piece  of  work, 
which  probably  would  have  given  more  satisfactory  results  than  the 
b  shown  in  the  previous  Illustration.  It  could  have  been  manipu- 
lated more  rapidly,  because  It  Is  more  accessible  to  the  operator.  Four 
s  of  special  jaws  .1  are  used  for  holding  the  work.  The  part  B  Is 
tnrin.'i!  tn  an  arc  corresponding  to  that  part  of  the  work  which  It  grips, 
and  has  teeth  to  assist  in  obtaining  a  firm  ,'bite."'  The  supplementary 
sliding  jaw  C  is  forced  into  position  by  the  set-screw  D.  thus  clamping 
b  work  tightly  between  B  and  E.  Wooden  supports  are  used  under 
the  flange. 


CHAPTER    II 


ARBORS  FOB  SECOND-OPERATION  WORK 

Cylindrical  work  which  cannot  be  completely  machined  In  one  set- 
ting and  which  requires  concentricity  of  the  various  surfaces  obviously 
makes  necessary  some  method  of  holding  It  for  the  second  operation 
which  utilizes  a  previously  machined  surface  for  securing  the  proper 
location.  When  this  surface  is  external,  the  use  of  soft  laws,  a  step- 
chuck  or  collet  Jaws  is  feasible,  but  when  an  internal  surface  is  the 
locating  point  the  most  efficient  method  Is  conceded  to  be  some  form 
of  arbor.     This  arbor  may  be  either  a  plain  stud  made  to  fit  the  hole 


Tif.   1,     Two  I'rpo"  «f  Expinilon   Arbori  with  Split  BlMTM 

in  question,  or  it  may  be  so  designed  as  to  be  susceptible  of  a  certain 
amount  of  expansion  and  contraction  In  order  to  take  care  of  slight 
variations  In  the  finished  hole.  The  degree  of  accuracy  required  in 
the  finished  product  determines  the  form  of  arbor  which  should  be 
used.  If  a  variation  of  0.002  to  0.003  inch  in  concentricity  is  permis- 
sible, a  plain  arbor  with  some  method  of  driving  the  work  will  answer 
the  purpose  very  well.  When  very  accurate  work  Is  required,  however, 
greater  care  must  be  used  in  the  design,  and  the  expanding  type  of 
arbor  is  commonly  used. 
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Important  Points  In  Design  of  Arbors 
The  fundamental  features  which  tend  to  make  an  arbor  thoroughly 
efficient  are  as  follows:  Expansion  must  be  uniform  along  the  entire 
periphery;  release  must  be  quick  and  easy;  ample  driving  facilities 
t  be  provided;  clamping  the  work  must  be  effected  without  chance 
of  distortion.  As  an  additional  refinement,  provision  may  be  made 
for  truing  up  the  arbor  so  that  it  will  run  accurately  with  the  center 
line  of  the  spindle. 

Lathe  Arbors 

s  first  consider  the  arbors  designed  for  use  in  the  engine  lathe, 

adapted  to  be  held  between  centers  and  driven  by  means  of  a  dog  od 

e  end.    The  arbor  shown  in  the  upper  part  of  Fig.  1  la  the  almplest 

of  all  those  which  have  a  split  sleeve  or  bushing  capable  of  expansion 


and  g 


Tig.  1.     Arbor  ctpinded  tiy  Inlamul  T»par  Plus 

or  contraction.  The  mandrel  D  is  slightly  tapered  and  is  flattened  on 
each  end  to  receive  the  dog  for  driving.  The  sleeve  C  Is  correspond- 
ingly tapered  and  is  drilled  entirely  through  at  A,  after  which  it  is 
saw-cut  at  B  Is  allow  for  expansion.  This  arbor  is  the  poorest  of  all 
the  expanding  types  in  that  the  expansion  Is  not  uniform,  being  in 
two  directions  only,  and  it  cannot  be  depended  upon  to  give  results 
which  are  absolutely  accurate. 

A  much  better  arbor  Is  shown  In  the  lower  part  of  the  same  Illus- 
tration. It  will  be  noted  that  the  mandrel  F,  In  addition  to  being 
tapered,  is  threaded  on  one  end  to  receive  the  hexagon  nut  D.  This 
does  away  with  the  necessity  of  using  the  arbor  press  to  expand  the 
sleeve.  The  collar  E  is  interposed  between  the  nut  and  the  split 
bushing.  This  bushing  C  is  saw-cut  at  A  from  one  end  and  at  B  from 
the  other,  thus  allowing  a  uniform  expansion  along  its  entire  periphery. 
In  this  connection,  ft  is  well  to  note  that  the  ends  of  the  saw-cuts 
should  be  left  tied  together  until  after  the  sleeve  has  been  hardened 
and  ground;   they  can  then  be  cut  apart  readily  with  a  thin  emery 
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wheel.  An  arbor  of  this  kind  is  mechanically  correct  and,  if  carefully 
made,  should  give  results  which  leave  nothing  to  be  desired  as  far  as 
accuracy  is  concerned. 

Fig.  2  shows  an  arbor  of  a  very  different  type,  which  might  be  called 
a  solid  expanding  arbor.  Three  holes  B  are  drilled  120  degrees  apart 
and  the  saw-cuts  A  are  milled  as  shown.  The  special  screw  E  is 
tapered  at  C  and  threaded  at  D  in  the  body  of  the  arbor.  The  end  of 
this  screw  is  squared  and  contains  the  center  F.  When  made  as 
shown  there  is  nothing  in  this  arbor  to  commend  it  In  the  first  place, 
the  expansion  takes  place  at  one  end  only  and  is  not  at  all  uniform, 
and,  in  the  second  place,  the  center  F  in  the  end  of  the  screw  cannot 
be  depended  upon  to  remain  true  for  any  length  of  time,  even  assum- 
ing that  it  may  have  been  made  reasonably  true  to  start  with,  which, 
in  itself,  is  a  difficult  machining  proposition. 


Fig.   8.     Expanding  Arbor  of  Sliding-shoe  Type 

The  arbor  shown  in  Fig.  3  was  at  one  time  manufactured  commer- 
cially by  G.  E.  Le  Count,  South  Norwalk,  Conn.,  but  the  writer  is 
unable  to  state  whether  it  is  on  the  market  at  the  present  time  or  not. 
It  consists  of  the  body  A  in  which  are  milled  the  tapered  slots  B. 
The  shoes  C  (also  shown  in  detail  in  the  upper  part  of  the  illustration) 
have  a  narrow  rib  running  along  each  side  and  this  rib  engages  with 
the  grooves  in  the  sides  of  the  slots  J5,  thus  preventing  the  shoes  from 
falling  out.  The  collar  D  controls  the  action  of  the  shoes  and  is 
ground  to  a  sliding  fit  on  the  cylindrical  portion  /;  of  the  arbor.  It 
may  be  noted  that  the  shoes  have  two  shoulders,  thus  increasing  the 
range  of  the  arbor.  By  providing  shoes  of  various  diameters  the 
range,  can  be  increased  considerably. 

W.  H.  Nicholson  &  Co.,  Wilkesbarre,  Pa.,  manufacture  the  expand- 
ing arbor  shown  in  Fig.  9  in  various  sizes  and  to  suit  various  con- 
ditions.. The  body  A  is  made  of  tool  steel,  hardened  and  ground  to  a 
cylindrical  form.  The  centers  are  exceptionally  large  and  are  care- 
fully rounded  and  lead-lapped  after  hardening.  There  are  four  slots 
in  the  body  (shown  in  the  section  A-B),  and  these  slots  are  relieved  at 


mind  that  arbors  of  this  sort  should  be  bo  designed  that  the  work  may 
be  easily  and  quickly  put  on  and  taken  off  without  t 
anything   more   than    a   wrench   or   spanner.      Every    precautioi 
also  be  used  in  clamping  and  driving  the  work,  so  that  no  chance  for 
distortion  Is  possible. 

The  arbor  shown  in  Fig.  4  is  somewhat  similar  in  construction  to 
that  In  Fig.  2,  except  that  It  is  adapted  to  be  held  In  collet  jaws  In- 
stead of  on  centers,  as  In  the  former  Instance.  This  arbor  gave  satis- 
factory results  on  the  work  for  which  it  was  used,  the  surfaces  B  and 
T  being  faced  within  the  required  limits  of  accuracy.  The  work  was 
a  push  fif  on  the  cylindrical  portion  D.  the  expansion  taking  place  at 
E,  controlled  by  the  tapered  screw  F.  In  this  case,  the  nature  of  the 
work  permitted  a  slight  margin  of  error  and  the  expansloi 
necessary  to  prevent  chatter  and  act  as  a  driver.  The  i 
held  In  the  collet  jaws. 
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The  arbor  shown  In  Fig.  5  was  mode  for  the  transmission  gear  which 
is  shown  In  position.  After  the  taper  hole  had  been  "chucked"  in  the 
work  (which  was  done  In  a  previous  setting)  the  keyway  A  was  cut 
for  assistance  In  driving.  The  arbor  body  B  Is  of  cast  Iron,  ground  to 
fit  the  spindle  at  V  and  D.  The  stem  G  Is  of  steel,  hardened  and 
ground  to  fit  the  body,  Into  which  It  Is  keyed  to  resist  the  torsion  of 
the  cut  It  Is  held  in  position  and  drawn  back  by  the  nut  and  collar 
L  and  If.  The  forward  end  is  ground  to  the  correct  taper  E,  and  the 
key  is  Inserted  at  A.  The  portion  F  is  threaded  with  a  six-pitch  Acme 
thread,  right-hand,  and  the  nut  H  la  uaed.to  remove  the  piece  after  the 
work  to  finished,  a  piece  of  drill  rod  being  used  In  the  spanner  hole 
K  to  turn  the  nut  The  screw  N  prevents  the  body  from  turning  in 
the  spindle.    This  arbor  has  given  very  satisfactory  results. 


Fir,  £>    Taper  Arbor 


A  somewhat  extraordinary  condition  Is  shown  in  Fig.  6,  which  il- 
lustrates a  steel  automobile  hub  and  arbor.  In  this  case,  the  bearing 
seats  at  A  and  B  were  required  to  be  absolutely  concentric.  In  order 
to  assist  In  machining,  the  portion  C  was  bored  to  size  In  the  first 
setting,  although  no  finish  was  required  at  this  point  The  body  of 
the  arbor  D  Is  of  tool  steel,  hardened  and  ground  at  all  Important 
points.  The  small  end  "Is  slotted  at  three  places  as  shown  at  F  and  is 
spring  tempered  at  this  end.  The  operating  rod  K  has  a  very  free 
thread  at  H  and  is  ground  to  a  snug  running  fit  in  the  cylindrical 
portion  (;  to  insure  true  running,  regardless  of  the  condition  of  the 
threaded  part.  All  the  tools  used  on  surface  B  of  the  worn  were 
piloted  by  the  stem  or  extension  of  rod  K,  thus  securing  absolute  truth 
and  concentricity  of  the  ends  A  and  B. 

There  are  several  important  points  to  be  noted  In  the  construction 
of  this  arbor.     First,  the  method  of  obtaining  a  true  running  stem  or 
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extension  of  rod  K  by  means  ot  the  long  cylindrical  bearing  at  Q; 
second,  the  use  ot  the  stem  as  a  pilot  tor  tools,  thereby  obtaining  con- 
centricity in  the  two  ends  of  the  work  A  and  B;  third,  the  positive 
location  of  one  end  at  A,  while  using  an  expansion  principle  at  the 
other  end  to  insure  rigidity  and  freedom  from  chatter.  This  arbor 
was  very  satisfactory,  the  two  ends  being  within  the  extremely  narrow 
limits  of  concentricity  required. 

An  entirely  different  type  Is  illustrated  in  Fig.  7.  This  is  used  for 
two  different  alzes  of  bronze  bearing  retainers,  the  use  of  adapters 
making  this  feasible.  In  the  construction  of  this  arbor,  the  body  A 
is  screwed  directly  onto  the  spindle  nose,  bringing  up  snugly  against 


Fig.  e.     Arbor   witii   Split  Expudint  End  und  Pilot  for  iteidrlnf 

toe  end  of  the  spindle  at  B.  The  body  itself  is  ot  steel  and  is  tapped 
out  at  C  to  receive  the  operating  screw  E.  As  In  Pig.  6.  the  thread  la 
a  free  fit,  while  the  cylindrical  portion  D  ia  ground  to  a  snug  running 
fit  to  Insure  concentricity.  The  bushing  P  Is  saw-cut  in  six  places, 
three  cuts  from  one  end  running  nearly  through,  and  the  other  three 
In  like  manner,  in  order  to  allow  uniform  expansion  of  the  bushing. 
Both  the  bushing  and  the  operating  screw  are  tapered  correspondingly 
at  0.  The  adapter  H  slips  onto  the  body  of  the  arbor  and  is  located 
from  shoulder  Id  and  secured  fn  place  by  three  screws  -V.  A  pin 
driver  L  In  the  adapter  relieves  the  bushing  of  excessive  strain.  The 
larger  retainer  "  (shown  in  detail)  is  also  handled  on  this  same  arbor 
by  using  the  adapter  A'.  The  results  obtained  with  this  arbor  were 
perfectly  satisfactory. 
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In  Fig.  8  the  principles  of  expansion  and  contraction  arc  both  used 
In  handling  ateel  rifle  part  A.  The  permissible  limits  of  error  on  this 
work  were  very  close,  so  that  extremely  careful  workmanship  was 
necessary.  This  operation  was  the  final  one  on  the  piece,  after  it  had 
been  machined  all  over,  leaving  0.015  inch  at  0  for  truing  to  Insure 
absolute  concentricity  between  surfaces  B  and  0. 


Fij.  S.     A  Flitnra  which  faoldi  Work  bj  Knpimloii  »nd  OoatnoUan 

The  machine  to  which  this  fixture  was  applied  was  equipped  with 
collet  mechanism,  part  of  which  was  used  in  the  operation.  The  body 
of  the  fixture  E  Is  of  cast  iron  and  is  screwed  onto  the  spindle  nose, 
being  secured  against  turning  by  the  teat-screw  F.  The  sides  of  the 
fixture  were  left  open  to  enable  the  operator  to  reach  In  and  grasp  the 
work.  ta  order  to  guide  It  onto  the  locating  bushing  B.     The  operat- 
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ing  rod  G  *ras  milled  at  an  angle  on  the  forward  end  //.  In  order  to 
force  the  pin  K  outward  and  thus  insure  rigidity  at  thin  point.  Tho 
collet  operating  sleeve  1/  is  secured  to  the  rod  by  pin  \,  ho  thut  tho 
collet  closing  mechanism  can  be  used  to  operato  tho  rod.  At  tho 
forward  end  of  the  fixture,  the  split  bushing  O  is  used  to  renter  tho 
work  which  is  gripped  on  the  finished  cylindrical  surface  /).  Tho  bull- 
ing is  knurled  at  Q  and  is  contracted  by  the  action  of  tho  hollow  net- 
screw  P.  All  important  surfaces  were  ground  to  an  accurnte  fit  and 
parts  subject  to  wear  were  hardened.  No  trouble  wan  experienced 
with  this  fixture  and  the  work  was  machined  within  tho  limit*  of 
accuracy  required. 

The  steel  pinion  blank  shown  at  A  in  Fig.  10  Iium  been  previously 
faced  at  B  and  the  taper  hole  carefully  bored,  leaving  tho  remainder 
of  the  work  to  be  accomplished  at  tho  setting  shown.  The  body  V, 
in  this  instance,  is  of  cast  iron  and  is  held  in  poHltlon  by  the  teat- 
screw  D.  The  arbor  is  of  tool  steel,  carefully  hardened  and  ground. 
The  shoe  E  is  shaped  as  shown  in  the  detail  above.  The  operating 
rod  F  is  forced  inward  by  screw  (J,  and  Its  release  is  effected  by  spring 
H  which  bears  against  its  inner  end.  It  should  be  noted  that  tho 
action  of  shoe  E  is  both  outward  and  backward;  therefore  U  baa  a 
tendency  to  force  the  work  back  onto  the  tapered  portion.  Obviously 
key  K  acts  as  a  driver.  In  order  to  avoid  any  chance  of  springing  Ui* 
arbor  out  of  true  a  small,  special  wrench  Is  used  for  turning  w.r**w  Ot 
so  that  too  much  pressure  cannot  be  applied.  The  nut  />  in  tUn-uA*-*! 
on  the  arbor  with  a  coarse-pitch  Acme  thread  and  I*  of  »***g/sft 
shape  at  the  forward  end.  This  nut  Is  uh*(\  to  start  tb<?  work  off  th* 
arbor  when  the  piece  is  finished.  The  stem  or  arbor  M  wti'Tn  *  h'tnt^ 
ing  in  the  turret  and  acts  as  a  support  while  the  bev<-Nd  nnrfz/>,  <A 
the  work  is  being  turned.  This  stem  Js  also  und  a*  a  pilot  for  1h# 
face  mills  which  form  the  <nd  of  the  pinion  at  //  TM*  Affy/r  *M> 
used  for  producing  work  of  the  be*t.  'juallty  v/an  p>/>m'"*haX  fragtUr  a,vl 
required  careful  handling. 

The  pinion  blank  rt.wii  In  Fig  J I  ha*  a  *tralght  hole  fokfari  '/f  * 
taper  one,  and  the  ar^or  for  holding  It,  v/MJe  K/tth*'#t.s$%  *Ut/,.*r  \\  '/,"„ 
struction  to  that  >.ho*r.  \u  Kig  JO,  differs;  *%  reg*;/)*  a  ;,  ,?;,W  '/f 
points.  Thftf**  ar*  three  >.;.'*«-«  ''  V//>  <\*-w-».  apaf»,  '//f,V/,»£,  **  •// 
their  on  t  *  ard  z:. ',  ■# «-  r/.  «■  r .  t ,  './  1 1.  e  ; u4 1  '* '  '* '»  g  f  vl  /  7  ,*.  e^r  *  *,/,*-*  */*  r ** 
tained  in  th*If  ;•«".  .'•>,?.%  ?,/  •:'.'-  ♦r.>.  'if.  #;ar  w'tt.t,  '/  7;.*  **•/•/;>>* 
H  on  th*  4r/,r  */.V  *>,  *  y /*.'.•'.>*'.  .',:.?'.*  ,<*.',:.'*'.  **/,-*,,  f',r  •>,<  *'//>  7,v* 
rarior«  -&*?X;:.k.\  >>»*.  if.'*-,  u  r//S.  '.C"a  *,f  *.v-  '/,<.,*  t  ,/  •:*,;  7?,U 
art»r  \%  ^ »/#  : '  \/. .  <  v*s  %r.f.  '*..  '. u. y.-t ** .*. •  >  , .• f */ ' *  *  > '    ,*. * / o  - . * /;  *  ,_>} 

grO---l  It  **'*  **-*/  ***:*  **/*/,?/  f  '..•<#.  ',,♦  ».'.'  t**i'f  '.<  '.'**A, 
#-.-t*-^*--    ;     •  ^  •    :      <  •■*      •■■*'.'  *        y.'       /  ',/  .  ■•      -.  ,«#^ 
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Tig.  t.    Expudlac  Arbor  with  Mldloc  Show  »t*intd  la  Blotud  Btaev* 


Fl«.  10.     Arbor  hiving  AdjiuUbla  Bhoo  E  vblch  lici/i  *f«Iut  I*pu  Bon  af  Halos  Blank 


Uanka,  equipped  wltb  Three  Expanding;  Shosi 
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combination  locating  and  holding  devices,  bo  that  they  are  more 
nearly  related  to  locating  fixtures  in  the  truest  sense  of  the  word.  It 
Is  well  to  remember  that  in  all  fixtures  of  large  size  Borne  efficient 
means  of  driving  the  work  must  be  provided,  for  the  thrust  of  the 
tool,  Incident  to  the  cutting  action,  Is  much  greater  on  work  of  large 
diameter;  furthermore,  the  amount  of  stock  to  be  removed  is  usually 
considerably  more  than  oa  smaller  work.     The   fixtures  themselves 


Fit.  12. 
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should  also  be  of  exceptional  strength  and  rigidly  secured  to  the  table 
to  prevent  movement  or  breakage. 

The  large  automobile  bevel  driving  gear  shown  in  Pig.  12  is  of  alloy 
■teel,  and  it  has  been  previously  bared  and  faced  on  the  rear  side;   the 
screw  holes  were  also  drilled  in  a  jig  before  placing  the  gear  on  the 
fixture  shown.    This  fixture  was  rather  expensive,  being  made  er 
at  steel   (except  the  base,  which  is  of  cast  iron),  and  all  work! 
*   hardened   and   ground   or   lapped   to   a   perfect   fit,      Th 
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located  in  the  center  of  the  table  by  means  of  the  locating  stud  K,  and 
1b  securely  fastened  down  by  the  three  T -bolts  B  which  enter  T-slots 
In  the  table.  The  adjustable  part  (1  la  held  onto  the  base  by  the  three 
screws  F.  It  will  be  noted  that  the  screw  holes  have  a  certain  amount 
of  clearance  over  the  body  of  the  screw  to  permit  adjustments  to  be 
made.    The  screws  and  check-nuts  at  1)  are  for  the  purpose  of  con- 


veniently adjusting  the  fixture.  A  pin-driver  H  engages  one  of  the 
jig-drilled  holes  in  the  work.  The  upper  plate  K  Is  square  slotted  at 
three  points  L  to  receive  the  shoes  L.  The  screws  M  and  the  dowels 
W  hold  this  plate  In  its  proper  position.  The  collar-head  screw  0 
forces  down  the  plunger  P  on  which  three  angular  fiat  spots  are  milled. 
These  angular  surfaces  control  the  action  of  the  shoes  L  and  force 
them  out,  uniformly,  against  the  work,  thus  centering  it  The  spring 
0  simply  aids  in  releasing  the  shoes. 
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This  fixture  Is  an  exceptionally  good  one,  for  in  ita  construction 
every  care  is  taken  to  insure  a  true-running  arbor  and  one  which 
can  readily  be  indicated  for  truth  and  brought  into  perfect  concen- 
tricity by  means  of  the  adjusting  screws.  Its  action  was  satisfactory 
in  every  respect. 

Pig.  13  shows  an  automobile  flywheel  which  has  a  finished  taper 
hole  and  has  been  turned,  bored  and  faced  in  a  previous  setting.  It 
was  essential  that  the  surface  A  should  be  concentric  with  the  taper 
hole.  As  it  was  practically  impossible  to  machine  the  face  of  the 
flywheel  B  and  the  taper  hole  C  so  that  they  would  always  come  in 
exactly  the  same  relation  to  each  other,  it  was  necessary  to  make  the 
taper  plug  adjustable  in  a  vertical  plane.  The  base  of  this  fixture  is 
of  cast  iron  and  is  located  centrally  by  means  of  plug  D  which  accur- 
ately fits  into  the  hole  in  the  table.  The  base  is  clamped  in  position 
by  three  T-bolts  E  {see  plan  view}  engaging  the  table  T-slots.  Three 
clamps  F  are  used  to  clamp  the  work  down  on  the  annular  rim  O  of 
the  fixture.  The  plug  J>  not  only  locales  the  fixture  base,  but  extends 
above  the  latter  and  is  threaded  at  H,  while  above  this  portion  it  is 
cylindrical  and  is  carefully  ground  to  a  running  lit  in  the  taper  bush' 
ing  JT.  The  threaded  portion  mentioned  is  a  very  free  fit,  bo  as  to 
permit  the  cylindrical  part  to  do  all  the  centralizing.  In  using  the 
fixture,  the  bushing  K  is  screwed  down  and  the  flywheel  placed  in 
position,  after  which,  by  the  aid  of  the  wrench,  the  bushing  Is  raised 
until  It  bears  In  the  taper  hole.  After  this,  the  clamps  F  are  swung 
around  and  tightened.  This  is  a  simple  fixture,  rather  Inexpensive, 
and  one  which  was  thoroughly  dependable. 

Pig.  14  shows  a  cast-iron  double-bevel  gear  used  on  harvesting  ma- 
chinery, the  gear  rings  .1  and  B  having  cast  teeth.  These  were  not 
machined,  thus  leaving  a  rough  surface  by  which  to  clamp  the  work, 
as  some  support  was  needed  In  order  to  properly  machine  the  annular 
ring  C.  The  cylindrical  hole  D  and  the  end  E  were  machined  at  a 
previous  setting. 

The  cast-iron  base  of  the  fixture  is  centered  by  the  stud  F  which 
fits  the  center  hole  in  the  table.  This  stud  extends  up  through  the 
fixture  and  is  tapered  at  its  upper  end  to  receive  the  split  bushing  O. 
This  bushing  is  saw-cut  in  six  places— three  from  each  end — and  fa 
shouldered  at  its  upper  end  so  that  the  vertical  movement  can  be  con- 
trolled by  the  operating  screw  H.  The  collar  K  was  pinned  in  place 
after  the  bushing  was  slipped  over  the  screw.  It  will  be  noted  that 
the  vertical  movement  of  the  bushing  Is  entirely  mechanical,  no 
springs  being  used  to  effect  Its  release,  as  in  previous  instances.  The 
positive  locating  point  of  the  fixture  is  »'  ~ia  necessary 

to  have  some  support  at  B  the  four  f  ied:   these 

bear  against  the  rough  surface  of  the  *  from 

being  pushed  down  by  the  sen  hleh 


the  ■ 


milled  buck  at  i 


of  the  gear  has  four  cored  liolee 
holding  and   driving.     These  are  I 
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this  connection  It.  Is  well  to  note  that  these  hook-bolts  are  well  backed 
up  by  a  portion  of  the  fixture  N.  for  a  hook-bolt  which  Is  not  backed 
up  In  some  way  Is  worse  than  useless.  This  fixture  was  capable  of 
rapid  manipulation  and  the  results  obtained  by  Its  use  were  within 
the  necessary  limits  of  accuracy. 

An  Branding  Arbor  for  Ifaa  Vertical  mpajf  Machine 

In  one  of  the  large  automobile  factories,  considerable  trouble  was 

experienced  In  the  manufacture  of  eccentric  piston  rings  by  the  break- 


Vortio.1  Boring  Hill  FUtnre  for  BpteUI  Dwltn  of  Bml  Be»r 

Ing  of  the  rings  as  they  were  being  cut  off  on  an  automatic  machine. 
A  new  method  was  therefore  devised  by  which  the  "ring  pots"  were 
bored  and  turned  eccentric  and  then  taken  to  a  vertical  milling  ma- 
chine where  they  were  placed  on  the  arbor  shown  In  Fig.  15.     The 
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fixture  of  which  the  arbor  forms  a  part  is  located  in  the  center  of  a 
circular  milling  table  by  the  stud  B,  and  Is  secured  to  the  table  by 
means  of  the  three  screws  A  in  the  T-siots  The  stud  is  tapered  at  its 
upper  end  to  receive  the  split  bushing  l>.  and  la  aerured  by  the  pointed 
screw  C  and  prevented  from  turning  by  the  key  K  The  bushing  wa3 
saw-cut  In  six  places  to  permit  expansion,  aod  was  also  counterbored 
in  three  places  at  Its  lower  end  to  make  a  pocket  for  the  coil  springs 
F.  These  springs  tend  to  make  the  releasing  of  the  split  bushing 
easy  after  the  work  has  bei-n  done.     The  collar  (/   liears  on  the  upper 


portion  of  the  split  bushing  D  and  Is  operated  by  the  screw  71  which 
is  threaded  into  the  body  of  the  arbor. 

A  special  arbor  K  iu  the  spindle  of  the  vertical  milling  machine  was 
arranged  with  a  gang  of  saw  cutters  properly  spaced  for  the  Correct 
width  of  ring.  As  the  table  is  revolved  by  power  feed,  the  gang  of 
cutters  produce  a  set  of  nine  clean  and  unbroken  rings.  It  may  be 
noted  that  the  split  bushing  is  relieved  on  its  periphery  nt  tb  -t= 

where  the  cutters  pass  through  the  work,  in  order  " 
cutting   edges   on   the   hardened    surface.      This 
very  carefully  and  proved  very  satisfactory.   To 
knowledge,  It  is  still  in  use  although  made  ovi 
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suction  la  so  great  that  it  is  almost  impossible  to  pull  back  the  sleeve 
uuleBB  this  relief  hole  is  drilled.  A  longitudinal  groove  along  the 
arbor  would  answer  the  same  purpose,  but  ts  more  likely  to  catch 
dirt  and  thus  cause  trouble.  The  nut  S  is  of  tool  steel,  has  a  coarse 
pitch  thread  and  is  made  hexagon  at  the  small  end.  The  faces  which 
bear  against  the  rings  are  ground  parallel  with  the  thread.  When  In 
use,  the  nut  Is  slipped  back  out  of  the  way  and  the  two  rings  it  are 
sprung  into  place  inside  the  locating  collar  after  which  the  nut  N  ts 
brought  up  against  the  rings  and  tightened.  The  locating  collar  is 
then  pushed  back  out  of  the  way,  until  the  detent  snaps  Into  place, 
and  the  work  Is  then  ready  for  the  grinding  operation  on  the 
periphery.  Arbors  of  this  type  are  in  daily  use  in  nearly  all  of  the 
automobile  factories  in  this  country. 

The  various  types  of  arbors  and  fixtures  illustrated  and  described 
in  this  article  cover  representative  work  of  nearly  all  kinds,  and  may 

I  be  modified  to  suit  almost  all  possible  conditions  whether  they  affect 
the  work  part,  the  machine,  or  both. 


CHAPTER    III 


WORK-HOLDING  ARBORS  AND  METHODS  FOR 
TURNING  OPERATIONS 


The  developments  in  the  design  of  machine  tools  during  the  last 
ten  or  fifteen  years  have  brought  these  machines  to  a  high  degree  of 
perfection.  Many  are  provided  with  features  which  make  great  pre- 
cision possible,  and  a  workman  who  understands  how  to  get  the  most 
out  of  one  of  these  modern  machine  tools  can  produce  very  accurate 
work.  It  should  be  remembered,  however,  tha'  no  matter  how  accur- 
ate and  bow  well  adapted  to  rapid  production  the  machioe  may  be.  If 
the  methods  of  holding  the  work  are  not  equally  well  thought  out 
there  is  comparatively  little  gained.  As  a  matter  of  fact,  this  point 
1b  neglected  in  a  great  many  machine  shops.  In  a  few  instances,  we 
ind  planning  departments  and  efficient  tool -design  log  departments 
where  the  methods  and  appliances  to  be  used  in  manufacturing  are 
carefully  considered.  In  the  majority  of  shops,  however,  the  work- 
men, or  at  least  the  foremen,  are  left  to  devise  for  themselves  the 
lethods  by  which  the  work  is  to  be  held  In  the  machines.  In  the  few 
sea  where  the  workman  is  unusually  ingenious,  this  may  be  of  ad- 
vantage, but  it  Is  seldom  possible  for  the  man  at  the  machine  to  con- 
ider  both  the  accuracy  required  and  the  rapidity  of  production  with 
thing  like  the  care  that  can  be  done  by  a  designer  especially  de- 
ailed  to  do  this  work. 

Therefore,    it   is   becoming   generally    recognized    that    in    order   to 
take  advantage  of  the  full  capacity  and  adaptability  of  modern  ma- 


32  No.  120— ARBORS 

thine  tools.  It  1b  necessary  that  the  work-holding  and  machining 
methods  be  worked  out  by  designers  ot  equal  ability  to  those  who  actu- 
ally design  the  machine.  In  the  following  a  tew  methods  will  be 
shown  tor  holding  different  classes  of  work  for  turning  and  facing 
operations  In  the  lathe.  The  arbors  and  devices  shown  were  designed 
at  the  Jones  ft  Lamson  Machine  Co.,  Springfield,  VL,  for  use  In  the  Fay 
automatic  lathe;  but  as  tar  as  the  methods  for  holding  the  work  are 
concerned,  they  may  be  employed  with  equal  advantage  In  any  engine 
lathe,  and  are  therefore  capable  of  wide  application.  The  tooling  ar- 
rangements shown  In  each  case  are,  of  course,  especially  adapted  to 


Hs«r  View  of  Hoid  End  of  l'»y  Automatic  Lithe 

the  Pay  automatic  lathe  with  Its  front  and  rear  tool-holders,  but  by 
means  of  a  special  tool-block  many  engine  lathes  could  be  rigged  up 
to  perform  the  work  in  a  similar  manner.  These  tooling  arrange- 
ments will  probably  suggest  other  machining  methods. 

Principles  ol  Arrangement  ot  the  Fay  Automatic  Lathe 
In  order  to  make  the  following  article  Intelligible  In  so  far  as  the 
arrangement  ot  the  tools  is  concerned,  li  will  be  necessary  to  refer 
briefly  to  the  construction  oi  the  Fay  automatic  lathe.  The  line  en 
graving  Fig.  1  shows  a  rear  view  of  the  bead  end  of  the  machine;  Fig. 
2  shows  a  sectional  view  The  main  or  work-splndle  is  driven  by 
worm  gearing  from  a  cone  pulley  mounted  at  right  angles  to  It.  A 
series  ot  cams  is  provided  for  controlling  the  cutting  tools,  and  by 
means  of  a  clutch  mechanism  operated  by  adjustable  dogs,  the  cam- 
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shaft  may  be  given  a  slow  feeding  movement  or  a  rapid  Idle  move- 
ment over  any  portion  of  the  periphery  of  the  cam.  Two  heavy  bars, 
.1  and  B,  extend  the  full  length  of  the  machine  and  on  these  the  vari- 
ous carriages  and  tool-holders  are  mounted.  Each  of  these  bars  Is 
controlled  by  a  cam  both  as  regards  the  longitudinal  and  the  rock- 
ing movement  about  their  axes.  The  rocking  movement  of  the  front 
tool-holder  C  Is  caused  by  templets  or  cam  surfaces  on  the  slide  or 
former  bar  at  the  front  of  the  bed  on  which  the  outer  end  of  the  car- 
riage rests.  These  templets  may  be  given  any  desired  shape  which  will 
be  copied  by  the  tool  as  the  carriage  is  fed  longitudinally.     The  car- 
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riage  may  also  be  held  stationary  and  the  former  bar  carrying  the 
templet  may  be  fed  to  the  right  or  left,  thereby  causing  the  tool  to 
feed  directly  in  or  out  at  right  angles  to  the  axis  of  the  work.  The 
main  tool  bar  is  operated  longitudinally  by  an  internal  cam  surface 
within  the  cam  drum  shown  to  the  right  in  Fig.  1.  and  the  tool  slide 
at  the  rear  is  rocked  by  a  cam  beneath  the  headstock.  It  will  be 
understood  from  this  description  that  the  front  tool-block  C  is  especi- 
ally adapted  to  straight  turning,  taper  turning  and  forming  operations, 
■while  the  rear  tool-holder  D  is  intended  for  operations  requiring  the 
tool  to  be  fed  in  toward  the  center  of  the  work  after  which,  ot  course. 
the  tool-bar  can  be  fed  longitudinally  for  ordinary  straight  turning 
operations. 
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Arbors  lor  Holding  Buahlnjfa  made  In  Halves 
The  arbor  shown  In  Fig.  3  Is  used  for  holding  the  type  of  half-bush- 
ings illustrated  while  turning  the  outside.  When  performing  this 
operation,  It  is  necessary  that  the  bushings  be  so  held  that  the  part- 
ing line  comes  exactly  in  the  center,  so  that  the  two  halves  are  inter- 
changeable. At  the  same  time,  they  must  be  held  so  that  the  outside 
will  be  true  with  the  inside,  which  has  already  been  finished  by  a 
formed  convex  milling  cutter.  When  the  inside  has  been  finished,  the 
two  halves  are  clamped  to  an  arbor  and  the  ends  are  finished  to  a 
beveled  surface  by  a  hollow  mill.  The  half-bushings  are  then  ready 
to  be  placed  on  the  arbor  shown  in  Pigs.  3  aud  5,  where  they  are  held 
in  place  by  beveled  collars  slightly  corrugated  on  the  tapered  surfaces 
to  form  an  effective  drive.     By  holding  the  bushings  in  Una  manner 


id  .in,!  Arbor  uwd  for  holding 


the  whole  of  the  outside  can  be  finished  at  one  setting.  The  rear  tool- 
block  carries  the  roughing  tools  and  is  first  fed  inward  in  the  direc- 
tion of  arrow  A,  Fig.  5.  and  then  to  the  left  in  the  direction  ol  arrow 
B.  The  roughing  cut  is  divided  between  the  tools  C,  D.  N  and  <>,  so 
that  the  tool  slide  needs  to  feed  from  E  to  F  only  in  order  to  complete 
the  roughing  cut.  The  tool  _Y  roughs  out  the  top  of  the  shoulder  on 
the  bushing,  while  the  tool  0  roughs  out  the  part  of  the  bushing  to 
the  right  of  the  shoulder. 

The  finishing  tools  are  held  in  the  front  tool-holder.  Tool  H  is  first 
ted  in  the  direction  of  arrow  ','.  finishing  one  end  of  the  bushing,  :ui<i 
then  tool  A"  is  fed  in  the  direction  or  arrow  L  to  finish  the  other  end 
of  the  bushing;  at  the  same  time,  tool  M  finishes  the  eollar  or  shoulder 
shown.  The  roughing  is  entirely  completed  before  the  finishing  cut 
begins.  The  finishing  cut  on  the  long  surface  to  the  left  on  the  bush- 
ing Is  done  by  one  tool  K  and  not  by  two  tools  as  in  the  case  ot  the 
roughing  cut.  because  if  two  tools  were  used  lor  finishing  it  would  be 
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difficult   to   avoid   a   slight    mark   on    the   turned   surface   at   the   point 
where   the   two   cuts   meet      Fig.   4   shows   the   work   and   tools   as 
ranged  in  the  machine. 

In  Fig.  6  is  shown  an  arbor  used  for  holding  a  tapered  bushing 
while  finishing  the  outside;  the  bushing  is  shown  In  Fig.  T,  and  Fig. 
8  shows  the  work  and  tools  sets  up  in  the  machine.  In  this  case  the 
hole  in  the  bushing,  which  is  made  In  halves  as  in  the  preceding  case. 
is  rough.  The  joint  between  the  two  halves  must,  however,  come 
exactly  la  the  center  of  the  finished  bushing  so  that  the  two  halves 
may  be  interchangeable.  The  first  operation  Is  to  plane  the  joints; 
then  the  two  halves  are  clamped  together  and  the  ends  are  finished 
by  a  hollow  mill  to  form  a  bevel  hearing  for  the  clamping  collars  of 
the  arbor.     When  milling  the  ends,  the  joint  must  be  held  central  in 


a  jig  especially  designed  for  tin;  purpose.  The  half-bushing  is  then 
clamped  on  the  arbor  shown  in  Fig.  7,  the  beveled  surfaces  of  the 
collar  and  shoulder  holding  it  true.  Fig.  6  shows  the  arrangement  of 
the  roughing  tools,  the  arrows  indicating  the  direction  in  which  the/ 
are  fed.  The  front  and  rear  tools  are  in  action  simultaneously.  The 
Tront  tools  are  guided  by  a  taper  former  on  the  former  bar.  In  the 
roughing  operation  the  small  surface  at  A  will,  of  course,  be  turned 
on  a  taper,  but  thlB  will  be  corrected  by  the  finishing  operation,  the 
tooling  arrangement  for  which  la  shown  in  Fig.  9.  In  this  case  the 
tools  in  the  back  tool-holder  finish  the  short  taper  on  the  shoulder  and 
the  top  of  the  projection.  The  long  taper  surface  of  the  bushing  is 
finished  hy  the  tool  held  in  the  front  tool-holder.  Arrangements  are 
made  for  relieving  the  tool  on  the  re'*- 

Pig.  10  shows  anqther  taperef  ■•.    which   i* 

turned   on   the   outside   before   '  re  the   eti 

are  not  finished  because  othe*  I 
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work  so  as  to  locate  the  Joint  In  tbe  center  of  the  finished  bushing. 
There  are  luge  on  the  Inside  of  one  of  the  half-bushings,  which  bear 
against  shoulders  on  the  arbor,  as  shown  by  the  section  to  the  left. 
After  tbe  two  halves  are  finished  by  planing,  the  half  provided  with 
the  lugs  Is  first  placed  on  the  arbor  so  that  the  lugs  bear  against  these 


Tig-  6.    Tool  ArcutomaDt  for  tuning  Hnlf-buhlnfi  shown  In  Xlg .  I 


DO 


Fif.   fl. 

shoulders,   which  in: 
the  clamping  arrangements 
ment   necessary   to  provide  a 
provided  within  which  slide 


irod  Bu.hinrt  tfcown  In   Tig,    T 

location.     As  the  ends  are  rough, 
be  made  to  take  care  of  any  adjust- 
full  bearing.     A  bushing  C  1b  therefore 

:wo  half-bushings  D,   operated  by  adjust- 


ing s 
ti 


-ned  c 


i.     By  means  of  these  screws  each  half  of  the  bushing  to  be 
i  be  clamped  tightly  against  tbe  collar  at  the  other  end  of 
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the  arbor;  at  the  same  time  the  joint  in  the  center  will  be  held  I 
correct  relation  to  the  center  ot  tbe  arbor.  The  roughing  cut  : 
divided  between  the  two  tools  in  the  rear  tool-holder  and  the  finish in  3 
ia  done  by  the  tool  in  the  [root  tool-holder.  Only  the  short  surface 
from  E  to  F  is  finished. 


Holding  Work  with  Square  Holes 

A  piece  of  work  with  a  square  broached  hole  by  which  the  piece  Ib 

held  on  a  square  arbor  Is  shown  In  Fig.  11.     In  this  case  the  cuttlog 

is  all  done  in  one  direction  bo  that  It  Is  unnecessary   to   provide  for 

clamping  the  work  for  endwise  motion.     An  illustration   of   the  piece 
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ork  and  the  arbor,  also  showing  the  work  In  place  on  the  arbor, 
iven  In  Fig.  12.  The  tools,  as  Inserted  in  their  respective  holders, 
shown  In  place  on  the  machine  In  Fig.  14. 

•ig.   13   shows  a  simple  method  for  holding  a  gear  blank  with  a 
lare  hole.     The  hole  In  the  blank  Is  first  bored,  after  which   the 


Fit ■    "■     FinUhinj  Tool  Anuftmut  for  : 


Flf.  10.     Arbor  for  holding  Tupered  BDihtafi  with  Roach  End* 

piece  Is  roughed   all   over  except  on   the  large  diameter  and   on 
face  next  to  It,  as  it  is  held  by  these  surfaces  in  the  turret  lathe.  ' 
the  hole  Is  broached,  two  keyways  being  provided  at   the  same 
after  which  the  piece  Is  placed  on  the  arbor,  the  keys  being  t 
"-*•*  enough  to  hold  It  in  place.    The  tooling  arrangemen 
— -  if.  shown  In  the  illustration. 
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When  a  piece  of  work  is  to  be  finished  on  the  Pay  automatic  lathe, 
or  In  any  lathe  with  multiple  tools  and  fixed  stops,  ft  is  necessary 
that  the  endwise  location  of  the  work  be  always  the  same;  hence  when 


Fit-  11.    Tunloj  Work  curried 


i  Arbor  junior  through  Bqu*r* 


work  with  a  round  hole  is  to  be  finished,  It  cannot  be  held  on  an 
ordinary  arbor  with  a  slight  taper  unless  the  hole  is  so  accurately 
finished  that  the  piece  will  come  to  a  driving  lit  at  a  given  place  on 
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an  arbor  and  come  to  a  driving  fit  at  a  given  point  This  can  almost 
always  be  done  with  bronze  bushings,  as  there  Is  enough  elasticity  in 
this  material  to  permit  the  pieces  to  be  forced  down  to  a  certain  po- 
sition. With  this  method  of  holding,  both  ends  of  the  work  can  be 
faced,  as  there  are  no  clamping  arrangements  to  obstruct  the  path  ot 
the  tools. 

Holding  Work  by  moans  ot  Expanding;  Bushings 
One  of  the  simplest  methods  for  holding  work  with  a  finished  hole 
Is  by  means  of  expanding  bushings.  This  method  makes  it  possible 
to  chuck  the  hole  in  a  drill  press  and  still  hold  it  at  a  given  position 
on  an  arbor  without  obstructing  the  ends  of  the  work,  and  in  such  a 
way  that  both  ends  of  the 
work  can  be  faced.  In  the 
case  shown  In  Pig.  IS  the 
hole  was  too  long  to  fit.  a 
split  bushing  the  entire 
length,  as  the  thickness  of 
the  bushing  would  have 
been  rather  excessive  at  one 
end,  or  else  the  taper  would 
have  had  to  be  made  too 
small;  therefore  part  of  the 
arbor  is  turned  straight  and 
fits  the  hole  In  the  gear 
blank  to  be  turned.  In  or 
der  to  insure  that  the  piece 
be  placed  In  the  same  posi- 
tion longitudinally  each 
time,  a  gage  bushing,  an  end  view  of  which  is  shown  In  the  lower 
left-hand  corner  of  the  illustration,  is  used  to  gage  distance  A.  The 
piece  of  work  Is  dropped  onto  the  arbor  and  secured  loosely  against 
the  gage;  then  the  gage  is  withdrawn  and  the  nut  Is  tightened  to  hold 
the  work  firmly  in  place.  The  arrangement  of  the  toolB  for  finishing 
this  piece  is  clearly  indicated  In  the  Illustration. 

In  Fig.  16  is  shown  another  example  of  an  arbor  for  clamping  work 
by  means  of  a  split  bushing.  The  work  here  shown  is  an  armature 
bearing  box.  No  gage  is  necessary  In  this  case,  as  the  work  Is  located 
by  a  shoulder  at  one  end  of  the  arbor,  only  one  end  of  the  work  being 
faced  off.  The  roughing  is  done  by  the  tools  in  the  rear  tool-holder 
and  the  finishing  by  the  tools  In  the  front  bolder.  Another  interest- 
ing method  of  holding  work  while  machining  Is  shown  In  Pig.  17.  The 
work  here  shown  In  position  on  the  arbor  Is  a  shrapnel  shell.  The 
work  is  threaded  on  the  Inside  at  one  end  and  can  thus  be  screwed 
onto  a  threaded  portion  of  the  arbor.  The  end  of  the  arbor  Is  split 
and  provided  with  an  expander.  The  rear  tool  slide  holds  the  rough- 
ing tool  which  faces  the  end,  and  also  a  forming  tool  which  comes 
into  a  surface  free  from  scale  that  has  been  roughed  off  by  one  of  the 


Ylf.  13.     Qui  Blank  held  on  ■  Squire  Aibop 
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tools  In  the  front  slide.  The  direction  of  the  cut  of  the  tools  In  the 
front  slide,  first  inward,  then  parallel,  and  then  slightly  outward.  Is 
shown  by  the  arrow.  Pig.  18  shows  the  arrangement  of  the  tools  for 
roughing;  and  finishing  the  tapered  end  of  the  shell  and  for  knurling 
a  groove  at  the  closed  end.  In  this  case  a  special  grooved  former 
must  be  used  in  place  of  the  taper  attachment  of  the  machine  at  the 
rear.    When  the  front  tool  at  the  left  has  completed  its  cut  the  finish - 


IFi*.   1*.     Turning  Work  c»rrii-d  on  •  BQU»re  Arbor  in  ■  F»y 
ing  tool-holder  drops  in,  permitting  the  tool   to  the   right  to  perforin 
the  knurling  operation.    In  this  case  a  former  Is  clamped  to  the  former 
bar  of  the  machine. 
thi 
frc 
Pis 


Supporting  Thin  Work  from  the  Inside 

The   moat   interesting   holders   for   work   that   Ie   to   be   machined    in 

the  lathe  are,  perhaps,  those  that  are  arranged  to  support  thin  work 

from  the  iuside.     In  Fig-  19  is  shown  one  exatupli    ol   a  plslon   held   I  > 

i   equalizing   arrangement      This   arranjeo  'uhle   only   to 

pistons  which   ar-;   not  to   be  ground.     TI  i   to  V"»   :i 
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bole  for  a  short  distance  inward  at  the  end  of  the  piston  and  then 
drill  the  wrist-pin  hole.  The  bored  portion  Is  used  for  locating  the 
work  la  position  by  means  of  a  stud  through  the  wrist-pin.  The 
method  shown  In  the  present  illustration,  however,  permits  the  work 


Fit.  U-     Sumpl*  of  Work  held  on 


71|.  18.     Ajiothor  Ketliod  of  cUmpinf  Work  on  Expanding  Buihlct 

to  be  done  in  one  operation  without  any  counterboring,  and  with  the 
assurance  of  an  even  thickness  of  metal  all  around  the  piston.  One 
end  of  the  piston  is  centered  in  a  centering  machine.  If  the  piston  is 
heavy  it  may  be  held  by  the  outside  during  this  operation.  If  the 
metal  Is  thin,  it  is  preferable  to  center  it  with  reference  to  the  Inside, 
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holding  the  work  In  a  jig  like  the  fixture  used  In  the  machine.  The 
holding  device  consists  of  three  plungers  A  at  each  end  of  the  piston, 
which  slide  In  slots  cut  in  the  head  ol  bolt  B  and  In  collar  ('.  and 
which  thus  both  center  the  work  and  support  it  on  the  Inside.  In  the 
case  of  small  pistons  only  two  plungers  are  used  at  the  closed  end. 


B@5Bo® 


because  there  la  not  enough  room  for  three  on  account  of  the  bosses 
for  the  wrist-pin.    The  bolt  with  the  tapered  slot  Is  tightened  by  means 
of  a  nut  having  a  slot  In  It,  which  can  be  reached  from  the  end  of  the 
arbor  when  the  fixture  Is  taken  out  of  the  machine,  by  mean* 
special  screwdriver.     The  tooling  arrangement  shown  in  the  * 
tlon  Is  that  provided  for  roughing  the  piston.     The  two  tooli 
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front  holder  divide  the  roughing  cut  between  them  so  that  the  feed 
motion  needs  to  be  only  one-half  of  the  length  of  the  piston. 

Pig.  20  shows  a  method  used  for  supporting  the  overhanging  rim  of 
a  long  pulley.  In  this  case  the  pulley  is  centered  by  the  hole  which 
fits  the  arbor,  and  the  support  must  simply  act  as  an  equalizer.  As  will 
be  seen,  two  floating  collars  A  and  B  are  provided  which  are  tapered 
on  one  side.  This  tapered  side  bears  against  pins  C  and  D.  As  the 
collars  are  perfectly  free  to  locate  themselves  with  relation  to  the 
arbor,  It  is  evident  that  the  pressure  on  the  pins  (of  which  there  are 
three  for  each  collar)  will  be  the  same,  and  there  will  be  no  tendency 


Fig.  IB.     Arbor  for  holding  Vlitom  to  ba  turned 

to  throw  the  work  out  of  center,  but  to  merely  support  It  with  equal 
pressure  at  tbe  six  bearing  points. 


Holders  for  Two  P 


In  many  Instances  It  is  possible  to  hold  two  pieces  on  the  same 
arbor,  thus  practically  cutting  the  time  of  machining  In  half.  The 
simplest  illustration  of  this  is  probably  that  shown  In  Fig.  21,  where 
two  gear  blanks,  which  have  been  faced  on  one  side  and  have  had  the 
holes  bored,  are  clamped  together  and  faced  on  tbe  other  side  and 
turned  on  the  outside.  The  arrangement  of  the  tools  is  of  interest; 
the  arrows  shown  give  the  direction  of  the  feed  and  indicate  the 
method  of  procedure.  Fig.  22  shows  another  case  where  two  pieces 
held  on  the  same  arbor  are  machined  at  the  same  time.  A  spacer  is 
provided  between  tbe  two  pieces  so  as  to  locate  the  one  to  the  right  In 
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46  No.  120— ARBORS 

position,  the  one  to  the  left  being  located  against  a  shoulder  on  the 
arbor.    In  order  to  use  this  arrangement  for  location,  it  Is  necessary 


PPgg 


Tif.  M.     Example  of  Two  Piecei  aluoped  on  Arlior,  lUtutntinf  U« 
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Fir.  St.     A  Simple  Cut  of  Two  Fioooi  of  Work  hold  on  u  Arbor 

for  the  work  to  have  shoulders  finished  on  two  sides  and  also  that  tie 
finishing  be  done  accurately  enough  so  that  It  can  be  used  for  locating 
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the  two  pieces.  Id  this  case  both  the  clamping  collar  and  the  spacer 
are  keyed  to  the  arbor  to  make  the  drive  more  positive. 

In  Fig.  23  Is  shown  another  case  or  clamping  two  pieces  using  a 
spacer  between  them.  It  1b  evident  that  if  the  two  sides  of  the  hubs 
of  the  gear  blanks  had  not  previously  been  machined,  this  method 
could  not  be  used  as  the  gear  blank  to  the  right  would  not  come  in 
an  accurate  position  to  permit  being  machined  by  the  tooling  arrange- 
ment Indicated. 

In  Pig.  24  is  shown  still  another  example  of  holding  two  pieces  by 
means  of  a  spacer.  Here  the  roughing  and  finishing  are  done  at  the 
same  time.    The  tools  In  the  rear  and  front  holders  operate  simultane- 


Fi».  !*.     Another  EumplB  of  Tu  of  Spacer  nit«oen  Two  Ploeei 


ously,  the  taper  attachment  being  used  for  the  rear  holder.  A  taper 
former  is  used  on  the  former  bar  for  the  front  tool-holder.  Fig.  25 
shows  an  especially  Interesting  arrangement  For  holding  two  pieces 
and  for  supporting  the  thin  walls  of  the  bushings  while  machining. 
In  this  case  the  ends  and  the  Inside  of  the  bushing  are  rough.  The 
only  difficulty  thHt  was  met  with  was  to  machine  them  without  dis- 
torting them  on  account  of  the  thinness  of  the  metal.  The  bushings 
are  both  centered  and  supported  by  the  rough  inside  surface.  For  this 
purpose  bushings  B  are  provided  on  the  arbor.  These  bashings  hold 
plugs  C  which  are  prevented  from  falling  out  ef  their  ••**■  h*  ■ 
when  the  pieces  to  be  machined  are  to  be  rem* 
The  arbor  Itself  is  provided  with  three  flat  spot* 
in  the  sectional  view  at  the  top.    These  act  as 
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arbor  Is  turned  and  force  the  plugs  outward,  thereby  centering  and 
supporting  the  work  on  the  Inside.  This  arbor  shows  a  different 
method  than  those  shown  in  the  previous  examples  (or  holding  two 
pieces  at  once.     Here  the  middle  portion  of  the  arbor  Is  solid  and 


Fir   U.     Arbi 


the   Inside 


Work  whfcti  Bract  be 


provided  with  three  bearing  points  on  each  side  for  the  work.  Then 
collars  are  provided  at  each  end  of  the  arbor  with  nuts  for  clamping 
the  work.  One  disadvantage  Is  present  with  this  arbor.  The  dog  at 
the  driving  end  must  be  removed  to  take  off  the  pieces  nearest  to  the 
head.  In  practically  all  the  other  cases  shown  a  driving  pin  driven 
Into  the  arbor  can  be  used,  as  the  work  is  removed  In  the  other 
direction. 
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